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THE APPLICATION OF D A T A  O N  STREYQTH UNDTR REPFATED STRLSSES 

TO THE D E S I O 8  OF A I R C S A F T  

By L. R. J a c k s o n  and  E .  J. Grover  

SUKMARY 

T h i s  r e D o r t  s u g g e s t s  a method w h e r e b y  i n f o r m a t i o n  o n  
t h e  s t r e n g t h  u n d e r  r e p e a t e d  s t r e s s e s  o f  a i r c r a f t  m a t e r i a l s  

J o r  s t r u c t u r a l  p a r t s  c a n  b e  used  i n  c o n j u n c t i o n  w i t h  i n f o r -  
m a t i o n  on s e r v i c e  l o a d i n g s  a s  a means of c o m p a r i n g  a l t e r n a -  
t i v e  d e s i g n s .  The me thod  h a s  b e e n  d e v e l o p e d  a r o u n d  i n f o r -  
m a t i o n  on r e p e a t e d  l o a d i n g  i n  s e r v i c e  c a u s e d  b y  g u s t s ,  be- 
c a u s e  t h e r e  a r e ,  a t  p r e s e n t ,  more d a t n  a v a i l a b l e  o n  l o a d s  
f rom t h i s  s o u r c e .  

*' 

The method of a n a l y s i s  i s  f l e x i b l e  enough t h a t  i n f o r -  
m a t i o n  on r e n e a t e d  l o a d i n g s  from o t h e r  s o u r c P s  t h a n  g u s t s  
c a n  b e  a d d e d  whenever  s u c h  d a t a  become a v a i l a b l e .  

U s i n g  t h e  method d e v e l o n e d ,  a number of s p e c i f i c  
I examples  h a v e  b e e n  w o r k e d  o u t  i l l u s t r a t i ' n g  t h e  c o m n a r a t i v e  

l i f e  of v a r i o u s  t y n e s  o f  a i r c r a f t  j o i n t s ,  The examales  a l s o  
p r o v i d e  i n f o r m a t i o n  as t o  t h e  r a n g e  i n  g u s t  v e l o c i t y  r e -  
s p o n s i b l e  f o r  t h e  most damape t o  t h e  j o i n t s .  

INTRCDUC T T O  B 

The t e n d e n c y  t o w a r d  h i g h e r  w ing  l o a d i n g  and  l o w e r  l o a d  
f a c t o r s  f o r  l a r e e  a i r c r a f t  has made i t  i m n o r t a n t  t o  f i n d  o u t  
w h e t h e r  t h i s  d e s i g n  t r e n d  mieht  r e s u l t  i n  some f a i l u r e s  f r o m  
f a t i g u e .  

a 

a' 

T h i s  r e p o r t  combines  a v a i l a b l e  f l i e h t  d a t a  w i t h  i n -  
f o r m a t i o n  o n  t h e  f a t i g u e  s t r e n g t h  of a i r c r a f t  s t r u c t u r a l  
e l e m e n t s  t o  i l l u s t r a t e  whnt can  b e  done  w i t h  p r e s e n t  i n -  
f o r m a t i o n  t o  p r e d i c t  t h e  l i f e  o f  a i r c r a f t  e l e m e n t s  u n d e r  t h e  
t y p e s  o f  r e p e a t e d  s t r e s s e s  which  r s s u l t  f rom g u s t s .  
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The r e p o r t  i s  d i v i d e d  i n t o  f o u r  s e c t i o n s .  

The f i r s t  s e c t i o n  d i s c u s s e s  r e l a t i o n s  b e t w e e n  g u s t  v e l o -  * 

c i t y ,  l o a d  f a c t o r s , ,  and  & t r e s s e s  i n  a i r c r a f t  e l e m e n t s ,  

The s e c o n d  s e c t i o n  d i s c u s s e s  t h o s e  s e c t i o n s  o f  Rhode 
a n d  D o n e l y l s  r e c e n t  r e p o r t  ( r e f e r e n c e  1) on t h e  " F r e q u e n c y  
o f  O c c u r r e n c e  of A t m o s p h e r i c  G u s t s  and. of R e l a t e d  Loads  o n  
A i r F l a n e  S t r u c t u r e s t t  t h a t  p e r t a i n  t o  t h i s  a n a l y s i s .  

The t h i r d  s e c t i o n  d i s c u s s e s  a v a i l a . b l e  i n f o r m a t i o n  on t h e  
f a t i g u e  s t r e n g t h  of some a i r c r a f t  s t r u c t u r a l  e l e m e n t s  made 
f r o m  24s-T A l c l a d  a n d  17s-T. 

The f o u r t h  s e c t i o n  p r e s P n t s  a method of  c o m b i n i n e  t h e  
g u s t  d a t a  w i t h  t h e  i c f o r m a t i o n  o n  f a , t i g u e  s t r e n g t h  t o  p r e -  
d i c t  t h e  l i f e  of s t r u c t u r a l  e l e r i e n t s  i n  a i r c r a f t .  

u 

This  i n v e s t i g n t i o n ,  conJinct ed x t  t h e  B n t t  e l l e  K e m o r i z l  
I n s t i , t u t e ,  w.q,s s p o n s o r c d  b y  :md c o n d u c t e d  w i t h  t h e  f i n a n c i a l  
a s s i s t q n c e  o f  t h e  Nrt.tion-?l A d v i s o r y  C o r n n i t t e e  f o r  A e r o n a u t i c s  I 

FACTORS, 4ND STRTSSZS I N  A I R C R A F T  ELEMTNTS 

I n  o r d ? r  t o  a p p l y  f a t i g u e  d a t a  t o  t h e  e f f e c t  o f  g u s t s  
on a i r p l a n e s ,  i t  i s  n e c e s s a r y  t o  d e f i n e  t h e  c o n d i t i o n s  u n d e r  
w h i c h  t h e  a p p l i c a t i o n  i s  made. 

A l o a d e d  a i r p l z n e  when i n  s t r a i g h t ,  l e v a 1  f l i p h t  i n  
s t i l l  a i r  i s  d e f i n e d  a s  o p e r a t i n g  u n d e r  a l o a d  f a c t o r  o f  
1 i n  g u n i t s .  

For some t i m e ,  t h e  d 3 s i g n  c r i t e r i o n  f o r  a i r n l a n e s  h a s  
b e e n  t h a t  t h e y  s h a l l  b e  a b l e  t o  w i t h s t a n d  t h e  a c c e l e r a t i o n  
p r o d u c e d  b y  a 3 O - f o o t - p e r - s e c o n d  g u s t  w i t h o u t  a p e r m a n e n t  
s e t  b e i n g  p r o d u c e d  a n d  a l o a d  1.5 t i m e s  as  g r e a t  w i t h o u t  
f a i  1ur.e.  

- ,  
The f i r s t  s t e p  i n ' a p n l y i n e  t h e s e  c r i t ' e r i a  t o  f a t 1 g u . e  

d a t a  i s  t o  d e t e r m i n e  t h e  i n c r e m e n t  i n  l o a d  f a c t o r  p r ' oduced  
b y  a g u s t  o f  a n y  g i v e n  m a g n i t u d e .  

. .  



C o n s i d e r i n e  t h e  a i r p l a n e  a,s a r i g i d  b o d y ,  t h e  r e l a t i o n  
b e t w e e n  gus t  v e l o c i t y  and  i n c r s m e n t  i n  a c c e l e r a t i o n  c a n  b e  
e x p r e s s e d  by t h e  e q u a t i o n :  

An = K,Ue  (1) 

k-here  An i s  t h e  i n c r e m a n t  i n  l o a d  f a c t o r  ( o r  a c c e l e r a t i o n  
i n  g u n i t s )  and  Ue i s  t h e  e f f e c t i v e  g u s t  v e l o c i t y  i n  f e e t  
p e r  s e c o n d .  The f a c t o r  I(, i s  a. f u n c t i o n  o f  t h e  d e s i g n  o f  
t h e  a i r p l a n e  a n d  t h e  a i r s p e e d  a t  w h i c h  t h e  a i r p l a n e  e n c o u n t e r  
t h e  g u s t  U e .  

F o r  c o n d i t i o n s  o f  s t r a i c h t ,  l e v e l  f l i g h t  t h e  f a c t o r  R, 
i s  g i v e n  b y  t h e  e q u a t i o n :  

( S e e  r e f s r e n c e  1, p .  4 , )  

I n  t h i s  e q u a t i o n  p o  i s  t h e  mass d e n s i t y  o f  a i r  a t  s ea  
l e v e l  = 0 . 0 0 2 3 7 8  s l u e s  p e r  c u b i c  f o o t .  The t e r m  K i s  t e r m f  
b y  Rhode  a n d  D o n e l y  ( r e f e r e n c e  i, p ,  4 )  t h e  " r e l a t i v e  211e- 
v i a t i o n  f a c t o r n  a n d  allows f o r  t h e  r e l a t i v e  mass e f f e c t  on  
t h e  r e s p o n s e  o f  t h e  n i r D l a n e  t o  a g u s t .  F i p r e  1 ( r e f e r e n c e  
1) shows t h e  v a r i a t i o n  i n  t h i s  f a c t o r  w i t h  w i n g  l o a d i n g ,  
The t e r m  Ve i s  t h e  e q u i v a l e n t  a i r  s p a n d O  i n d i c a t e d  air- 
s p e e d  c o r r e c t e d  f o r  i n s t n l l a , t i o n  a n d  i n s t r u m e n t  e r r o r s  i n  
f e e t  p e r  s e c o n d ;  5 i s  t h e  wing  1oa .d ine  i n  mounds p e r  s q u a r e  
f o o t ;  W i s  t h e  w e i g h t  o f  t h e  a i r p l a n e  i n  p o u n d s ;  a n d  S 
i s  t h e  e f f e c t i v e  w i n g  arPa i n  s q u a r e  f e e t ;  a i s  t h e  s l o p e  
o f  t h e  l i f t  c u r v e  p e r  r a d i a n .  

PI 

On s u b s t i t u t i n g  ( 2 )  i n  (1): t h e  r e l a t i o n  

ak  
An = - 2 VeUe W 

S 
- 

is o b t a i n e d .  

( 3 )  

On i n s p e c t i o n  o f  t h i s  r e l a t i o n ,  i t  i s  t o  b e  n o t e d  t h a t  
t h e  i n c r e m e n t  o f  l o a d  f a c t o r  o r o d u c e d  b y  a g i v e n  gus t  i s  
n o t  o n l y  a f u n c t i o n  of t h e  d e s i g n  of t h e  a i r p l a n e ,  b u t  i s  
a l s o  t o  some e x t e n t  u n d e r  t h e  c o n t r o l  o f  t h e  p i l o t .  T h a t  i s ,  
t h e  p i l o t  may m i t i g a t e  t h e  e f f e c t  o f  l a r g e  g u s t s  b y  r e d u c i n g  
t h e  a i r s p e e d ,  l i m i t e d ,  o f  c o u r s e ,  by c o n t r o l l a b i l i t y .  
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I n  o r d e r ,  t o  make t h e  a p l i c a t i . o n  o f  e q u a t i o n  ( 3 )  t o  
e u s t  a n d  f a t i g u e  d a t a  q u a n t i t a t i v e ,  some v a l u e s  f o r  a hypo- 
t h e t i c a l  p l a n e  w i l l  b e  s u b s t i t u t e d  i n  ( 3 ) .  

I t  w i l l  b e  a s sumed  t h a t :  

1. The wing  l o a d i n g  W/S i s  2 8  p o u n d s  p e r  s q u a r e  f c o t ,  
( S e e  r s f e r e n c e  2 ,  f i g ,  

2 ,  The K v a l u e  c o r r e s ~ o n d i n g  t o  t h i s  ( f i g .  1, 
r e f e r e n c e  1) i s  1.11, 

3.  The s l c p e  of t h e  l i f t  c u r v e  i s  4 . 7  ( r o u g h l y  a n  
a v e r a g e  v a l u e  f o r  a i r p l a n e s  o f  t h i s  s i z e ) .  

4 ,  The c r u i s i n g  s p e e d  i s  2 2 0  n i l e s  p e r  h o u r  o r  3 2 3  
f e -  t p a r  s e c o n d  ( r e f e r s n c e  2 ,  f i g .  l), I f  
t h e s e  v a l u e s  a r e  u s e d ,  (3) b e c o ~ e s  

An = 9,0715 I?, ( 4 )  

The ''load f a c t o r "  f o r  t i i i s  h y p o t h e t i c a l  a i r n l a n e  a t  a n y  
g i v e n  g u s t  v e l o c i t y  i s  g l v e n  b y  t h - .  r e l 7 t i o n  

n = l + A n  

T h i  l i m i t  l o a d  f a c t o r ,  as n o t e d ,  is r e a c h e d  when U, 
b e c o m e s  3 0  f ? e t  'b?r s e c o n d ,  o r  

nL = 1 + 0 .0715 x 30 = ~ ~ 1 4  

and  t h s  u l t i T a t i  l o a d  f a c t o r  ( d e f i n e d  a s  1 . 5  t i m e s  t h e  l i m i t  
l o a d  f a c t o r )  w i l l  b e  4 , 7 1 .  

T h u s ,  t h e  g u s t  t r e l o c i t y  w h i c h  w i l l  j u s t  d e v n l o n  t h e  
u l t i m a t e  l o a d  f a c t o r  w i l l  b e :  

- 1 4 . 7 1  - 1 
- - .  . -  = 5 1 . S  f e e t  p e r  s e c o n d  Ue = . -' 8 .  

0.0715 9.0715 

a n d  i s  c o n s i d e r e d  t o  b e  a p p l i e d  a t  t h e  c e n t s r  of g r a v i t y  o f  
t h e  a i r p l a n e .  
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I t  s h o u l d  be u n d e r s t o o d  t h a t  t h e  a c c e l e r a t i o n  ( a n d  t h e -  
by  t h e  l o a d  f a c t o r )  p r o d u c e d  b y  a p u s t  a s  c o m ~ u t e d  n h o v p  
czpclies t o  t h e  s t a t e  o f  a f f & i r s  a t  t h e  c e n t e r  o f  g r a v i t y  o f  
t h e  a i r p l a n e .  I n d i v i d u a l  parts of t h e  a i r f r a m e  may h a v e  a n  
a c c e l e r a t i o n  d t f f e r e n t  f r o m  t h a t  g i v e n  b y  ( 3 )  f o r  a R i v e n  
g u s t ,  T h u s ,  i n  a p n l y i n g  t h e  a n a l y s i s  g i v e n  i n  t h i s  T e p o r t  
t o  d e t a i l e d  d e s i g n :  t h e  d e s i g n s r  s h o u l d  u s e  t h e  r e l a t i o n  
b e t w e e n  g u s t  v e l o c i t y  a n d  a c c e l e r a t i o n  p e r t a i n i n g  t o  t h s  
F a r t  u d ; r  c o n s i d e r a t i o n .  

R e l a t i o n  b e t w e e n  Load F a c t o r  a n d  S t r e s s  

The n e x t  s t e p  i n  a p p l y i n g  g u s t  d a t a  t o  t h e  f , . t t i g u e  
p r o b l e m  i s  t o  d e v e l o p  a r e l a t i o n  b e t w e e n  l o a d  f a c t o r  a n d  
s t r e s s .  

I n  s o m e  c a s e s ,  a n d  p a r t i c u l a r l y  where  r e d u n d a n t  s t r u c -  
t u r e s  a r e  i n v o l v e d ,  t h e  s t r e s s  a t  a g i v e n  l o c a t i o n  i n  a n  a i r -  
f r a m e  w i l l  n o t  be d i r e c t l y  p r o ~ o r t i o n a l  t o  t h e  a c c e l e r a t i o n  
( o r  l o a d  f a c t o r )  as c o m p u t e d ;  a l s o :  a t  d i f f e r e n t  l o c a t i o n s  
i n  t h e  same a i r r l a n e  t h e  r e l s t i o n  b e t w e e n  t h e s e  t w o  q u a n t i -  
t i e s  may v a r y .  T h u s ,  f o r  d e t a i l e d  d e s i g n ,  t h e  d e s i g n e r  would  
n e e d  t o  know t h e  e x a c t  r e l a t i o n  b e t w e e n  s t r e s s  a n d  a c c e l e r a -  
t i o n  f o r  t h e  p a r t  u n d e r  c o n s i d e r a t i o n ;  h o w e v e r ,  f o r  t h e  mur- 
p o s e  of i l l u s t r a t i o n  i n  t h i s  remorl;  i t  w i l l  b e  assumed  t h a t  
t h a  e q u a t i o n  r e l s . t i n F  s t r e s s  and land f a c t o r  i s  

cs = K,n ( 6 )  
w h e r e  K, i s  a c o n s t a n t  a n d  n i s  t ,he  l o a d  f a c t o r  as p i t r e n  

( 5 ) .  
F o r  . t h e  p u r n o s e  of t h i s  r e p o r t  t h e  n e c e s s i t y  f o r  deve lo -c  

i n e  a method o f  e v a l u a t i n g  R, c a n  b e  a v o i d e d  b v  t h e  f o l l o w -  
i n g  e x p e d i e n t .  

L e t  u u l t  b e  t h e  u l t i m a t e  s t r e n g t h  o f  t h e  p a r t  u n d e r  
c o n s i d e r a t i o n .  T h i s  s t r e s s  v a l u e  will b e  r e a c h e d  when 
n = n u l t  a n d  t h e  p e r c e n t  o f  u l t i m s t e  s t r e n g t h  p r o d u c e d  b y  
a n y  l o a d  f a c t o r  i s  g i v e n  by 

0 
x 100 P = p e r c e n t  o f  u l t i m a t e  s t r e n g t h  = au l t  

-- 
n 

- - ---- K a n  x 100 = .-- x 100 
K,nl.l1 t n u l  t 

( 7 )  
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BY means of e q u ~ t t i o n s  ( 3 )  and ( T ) ~  a n d  t h e  d e s i p n  
c r i t e r i o n  ( t h a t  l i m i t  l o a d  i s  p r o d u c e d  b y  a TQ-foo t - ?e r -  
s e c o n d  g u s t ,  and  t h e  ult irga-lce l o a d  f A c t o r  i s  1 . 5  t i l r P s  t h e  
l i m i t  l o a d  f a c t o r )  i t  i s  p o s s i b l e  t o  commute t h e  s t a t e  of  
s t r e s s  a t  a n y   art I n  t h e  w i n g  s t r u c r u r e  i n  t e r m s  of t h e  
u i t i m a t e  s t t i t i c  s t r e n g t h  o f  t h a t  mar tc  

2, D l S C U S S I O N  OF G U S T  DATA 

Rhode a n d  U o n e l y  ( r e f e r e n c e  1) ~ e c e n t l y  h a v e  n u b l i s h e h  
a c o m p i l a t i o n  of f l i e h t  d a t a  w h i c h  t h e y  h a v e  u s e d  t o  d e v e l o p  
sornc? r e p r e s e o t R t i v s  summat ion  c u r v e s  of t h e  r e l a t i v e  f r e -  
quency  o f  o c c u r r e n c e  o f  a s m o s u h e r i c  eus t s .  T h e  i n f o r m a t i o n  
f r o m  r e f e r e n c e  1 p e r t i n e n t  t o  t h i s  r e p o r t  i s  d i s c u s s e d  b e l o w .  

S u r n a t  i o n  C u r v a s  

F i g u r e  1 (fig. 7 of r e f e r e n c e  1) shows t h e  s u m y n t i o n  
c u r v e s  d e v e l o a e d  b y  Rl lode  a n d  D o n e l y o  The t w o  c u r v e s  A a n d  
E r e p r e s e n t ,  r e s p e c t i v e l y ,  t h e  a p p r o x i m a t e  u p p e r  a n d  l o w e r  
l i m i t s  of t h e  d n t a  R v - i l a b l e  t o  t h e n .  The s i g n i f i c a n c e  o f  
p o i n t s  o n  t h e s e  c u r v e s  i s  g i v e n  b y  t h e  f o l l o w i n g  i l l u s t r a t i o n  
F o i n t  l:at' o n  c u r v e  -4 i n d i c ~ t e s  t h s t  o u t  o f  l,OODpQOO g u s t s  
t h e r e  w i l l  b e  3209 u p  g u s t s  and  7290 down g u s t s  h a v i n g  iz 

v e l o c i t y  g r e a t e r  t h a n  1 0  f e e t  p e r  s e c o n d  and 4 9 6 , P O )  UT) g u s t :  
a n d  4 9 6 , 4 0 0  down g u s t s  hn.z..irp a v e l o c i t v  l e s s  t h a n  lc! f e a t  
p e r  s e c o n d ,  I t  i s  t o  b e  n o t e d  t h a t  t h e  d a t a  examined  b y  
E h o d e  a n d  D o n e l y  i n d i c a t e  t h a t  t h e r e  a r e  a n  e q u a l  number o f  
UT) and  down e u s  t s .  

N o t ? ,  a l s o ,  t h a t  c u r v e  E: s t o ~ s  a t  a g u s t  v e l o c i t y  o f  
2 4 0  f e e t  p e r  s e c o n d ,  The s i p n i f i c a n c e  o f  t h i s  i s  t h a t  p u s t s  
h a v i n g  a v e l o c i t y  e r e a t e r  t h a n  t h i s  v a l u e  a r e  S G  i n f r e q u e n t  
t h a t  t h e  s h a p e  of t h e  c u r v e  c a n n o t  h a  e s t a b l i s h e d  on t h e  ' b a s  
o f  a v n i l a b l e  dn . tn .  

W h i l ?  summat ion  c u r v e s  s u c h  a s  t h o s e  shown i n  f i e u r e  1 
c o u l d  b e  u s e d  d i r e c t l y ,  i f  f a t i g u e  i n f o r m a t i o n  w e r e  c o m v l e t e  
enouph,  t h e r e  % r e  a number of D r a c t i c a l  r e a s o n s  why i t  i s  
more d e s i r a b l e  t o  d i v i d e  t h e  s u m m a t i o n  c u r v e  i n t o  s t e p s  i n  
w h i c h  p u s t s  w i t h i n  a p iv . sn  in t e rTTa l  a r e  lumped t o p e t h e r ;  s o  
t h e  n e x t  s t e p  i n  r e l a t i n g  gust ~ n d  f a t i g u e  d q t a  i s  t o  c h o s e  
R p r o v e r  v a l u e  f o r  t h e  g u s t  c l a s s  i n t e r T r s 1 .  The c h o i c p  s h o u l  
s a t i s f y  t h e  f o l l o w i n g  r e q u i r e m e n t s .  

1. I t  s h o u l d  b e  l a r g e  enough  t h a t  t h e  number of  s t e p s  
needed  t o  a o n r o x i m a t a  t h e  s u m m a t i o n  cur i re  c a n  b e  r e s s o n a b l y  
r e p r o d u c e d  i n  t h e  l a b o r a t o r y .  



I t  s h o u l d  b e  smail  enough t h a . t  l i f e t i m e s  p r e d i c t e d .  
f r o m  i t , s  u s e  a r e  n o t  t o o  f s r  d i f f e r e n t  f r o m  t h o s e  u r e d i c t e d  
by t h e  s u n m a t i o n  c u r v e s  t h e m s e l v e s .  

I n  a n a l y z i n g  d a t a  Drier t o  t h e  c o n s t r u c t i o n  o f  s u m m a t i o x  
c u r v e s ,  Rhode  and D o n e l y  u s e d  n e u s t  c l a s s  i n t e r v a l  of 4 . 5  
f e e t ;  mer  second . .  The u s e  o f  t h i s  i n t e r v a l  d i v i d p s  t h e  r a .nge  
i n  gust v e l o c i t y  i n t o  1 0  classes, w h i c h  i s  a r e a s o n a b l e  
num"uel* 9 s  f a r  as l a b o r a t o r y  p r o c e d u r e s  a r e  i n ' v o l v e d .  A s  a 
f i r s t  a p a r o x i m a t i o n ,  t h i s  i n t e r v a l  w a s  u s o d  i n  t h i s  r e p o r t .  
A n u n b e r  of c 2 s e s  a l s o  were worked o u t  fo r .  a g u s t  class 
i n t e r v a l  o f  2 f e e t  per .  s e c o c d  i n  o r d o r  t o  f i n d  o u t  w h e t h e r  
8. n a r r o w e r  c 1 . 3 . s ~  i n t e r v a l  was n e c e s , s a ~ * y .  I t  was f o u n d  t h a t  
t h e  l i f e t i r r e s  D r e d i c t e d  b y  t h e  u s e  o f  t h e  4 . 5 - f o o t - p e r -  
s e c o n d  c l a s s  i n t e r v a l  d i f f e r e d  f r o m  t h o s e  Q r e d i c t e d  b y  t h e  
2 - foo t -pe r ' -=second  c l a s s  i r , t e r v % l  'by l e s s  t h a n  2 0  p e r c e n t ;  
a n d  i n  a l l  c a s e s  Were c o n s e r v a t i v e  - t h a t  i s ,  t h e  l a r g e r -  c l n s .  
i n t e r v a l  F r e d i c t e d  ~i s h o r t e r  l i f e t i m e ,  

A s  w i l l  b e  shown l a t e r ,  t h e  v a r i a t i o n  i n  i i f e t i m e  p r o -  
d u c e d  b y  u s i n g  t h e  l o w e r  limit; o f  Rhode a n d  D o n e l y ' s  d a t a  
( s e e  f i g . .  1) i n s t e a d  of  t h e  u p c e r  l i m i t  I s  v e r y  much l a r g e r  
t h a n  2 0  p e r c e n t ,  

u s e  a n  a p p r o x i r n a t i G n  t o  t h e  u p p e r  l i m i t  of Rhode  a n d  D o n e l y l s  
summnt ion  c u r v e s  a s  a means of c o m p a r i n g  t h e  l i f e t i o e s  o f  
various s t r u c t u r e s  I 

I n  v i e w  o f  t h i s  f a c t  i t  d o e s  n o t  seem u n r n a s o n a b l e  t o  

The a p p r o x i m a t e  g u s t  f r e q u e n c y  d i a g r a m  w h i c h  i s  u s e d  f o r  
t h i s  r e p o r t  i s  i l l u s t r a t e d  i n  f i g u r e  2 .  I t  i s  t o  b e  n o t e d  
t h a t  t h a  g u s t  c l a s s  i n t e r v F t 1  i s  4 , 5  f e e t  p e r  s e c o n d ,  a n d  t h a t  
e z c h  c l a s s  i n t e r v a l  i s  c h a r a c t e r i z e d  b y  t h e  c u s t  v e l o c i t y v ,  
a t  t h e  m i d p o i n t  o f  t h a t  i n t e r v a l .  

D i s t r i b u t i o n  o f  Ux, and  Down B u s t s  

The d a t a  s x a m i n e d  b y  R h o d e  a n d  Done ly  l e d  them t o  t h e  
c o n c l u s i o n  t h a t  t h e r e  a r e  a b o u t  a n  e q u a l  number of  ub a n d  
down g u s t s ;  however ,  i t  i s  not;  y e t  p o s s i b l e  t o  make a g e n e r A 1  
s t a t e m e n t  a s  t o  t h e  s e q u e n c e  o f  t h r v e  g u s t s .  T h a t  i s ,  
q u e s t i o n s ,  s u c h  as  

1, 'Ls a n  up  g u s t  g e n e r a l l y  f o l l o w s d  b y  a down g u s t ?  

2 ,  D o  l a r e e  g u s t s  g e n e r a l l y  O C C U P  t o p e t h e r ?  

and s o  f o r t h ,  c a n n o t  y e t  b e  ~ n s w e r ~ d  w i t h  c e r t a i n t y ,  

i n f o r m a t i o n  on g u s t s  a n d  f n t i p u e  d a t a ,  w i t h o u t  some knowlodpe  
a s  t o  t h e  s e q u e n c e  o f  t h e  w s t s .  C o n v e r s a t i o n  w i t h  members 

I t  i s  n o t  p o s s i b l e  t o  de t - e lon  a r e l a t i o n  b e t w e e n  t h e  
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of t h e  N A C A  and o t h e r s  who ha.ve e x a r i n e d  a g r e a t  ma.ny a c c e l ?  
o m e t e r  r e c o r d s  leads t o  t h z  c o n c l - u s i o n  t h a t  i t  i s  more l i k e 1  
Chat Rn u p  grust i s  f o l l o w e d  b y  a down g u s t  t h i n  f o r  t w o  UD c 
t w o  down g u s t s  t o  o c c u r  t o g e t h e r ,  On t h i s  basis, i t  h a s  be;. 
assumed f o r  t h e  p u r p o s e  of  t h i s  r a y o r i ;  t h a t  u p  g u s t s  a . r e  al- 
Ir'ays f o l l o w ~ d  b y  down g u s t s  o f  s aua .1  m a g n i t u d e .  F i p u r e  3 
shcws  s c h e m a t i c a I 2 . y  t w o  p o s s t ' b l e  i n t e r p r e t a t i o n s  o f  e u s t s  
r e c o r d s .  F i g w e  !b siiows t h e  t y n e  c h o s e n  f o r  u s e  i n  corn- 
n u t a t i o n  i n  t h i s  y e p o r t .  The t y p e  of g u s t  s e q u e n c e  d i s t r i b u -  
t i o n  c h o s e n  i s  e q u i , v z l e n t  t o  a s s u m i n g  t h a t  t h e  i n c r e m e n t s  
i n  l o a d  f a c t o r  are d i s t r i . b u t e d  ? r o u n d  lg l o a d i n g  a s  8. meatp 
V F L ~ U ? .  I n  v i ew of t h 3  f a c t  t h a t  i n  some c a s e s  s e v e r a l  up  o r  
down g u s t s  may o c c u r  t o g ; ? t ; h f ? r ,  t h e  a s s u m p t i o n  made 't.q a b a l , s i s  
f o r  c o K , p u t a t i o n  i s  A c o n s e r v a t i v e  o c a ,  

Y i i n o r  Gns t s  

The e u s t  d a t a  d i c , c u s a a d  s o  far A L ~  w h a t  Rhode . t r id*Donel :  v 

term , [ m a j o r  g u s t s . "  S ~ p ~ r i ~ ~ p c s ~ d  o n  t h i s  m a j o r  p u s t  p a t t e r n  
i s  a p a t t e r n  o f  m i n o r  g u s t s .  Ther e i s  n o t  s o  much known 
a b o u t  i h e s e  s u p e r i n p o s e d  g u s t s ;  however t h e r e  i s  e n o u g h  
known t o  allow them t o  b e  u s e d  i n  c o m p u t a t i o n s .  * 

R h o d e  a n d  D o c e l y  ( r e f e r e n c e  1, p .  19) s t a t e  t h a t  t h e r e  
e r e  a b o u t  t w i c e  as mzny of t h e s e  minor  g u s t s  a s  n n j o r  o n e s .  
They a l s o  s t a t e  t h a t ,  w h i l e  a f e u  c f  t h e s e  minor  g u s t s  w e r e  
a s  l a r g e  a s  4 . 5  f e e t  p e r  s e c o n d ,  t h e  g r e a t  m a j o r i t y  w e r e  i n  
t h e  o r d e r  o f  O c 3  f e e t  p e r  s e c o n d .  

F o r  t h e  Durpose  o f  t h i s  r e p o r t  t k e  f o l l o w i n g  ~ . s s u m ~ t i o n ~  
will b e  made r e g a r d i n g  t h e  minor  g u s t s .  

1. A l l  minor g u s t s  h a v e  a v e l o c i t y  o f  2 f e a t  p e r  s e c o n d .  
T h i s  s s s u r n p t i o n  i s  c o n s e r v n t i v e ,  s i n c e  Rhode and  D o n e l y  s t ~ t '  
t h a t  t h e  g r e a t  m a j o r i t y  haT?e a v e l o c i t y  i n  t h e  o r d e r  o f  9-,7 
f e e t  p e r  s e c o n d  and  o n l y  a few a r e  R.S l a r g e  a s  4.5 f e e t  p e r  
s e c o n d .  

2.  A l l  minor gusts o c c u r  a t  t h e  n e a k s  o f  m a j o r  p u s t s .  
T h i s  a s s u m p t i o n  o b v i o u s l y  i s  c o n s - r v a t i v e  ? ~ e ~ a u q e ,  s i n c e  
p e a k s  were  c o u n t e d ,  z c t u a l l y  n o  m i n o r  p u s t s  h a d  ~ " a k s  h i g h e r  
t h a n  t h e  m a j o r  g u s t s .  

3 .  A l l  t h s  m i n o r  g u s t s  a r e  a s s o c i a t e d  w i t h  t h e  most 
d n a a g i n g  t y p e  of g u s t  ( t h a t  i s ,  a l l  minor p u s t s  a r e  a s s o c i -  
n t e d  w i t h  e i t h P r  u p  r u s t s  o r  dotfn p u s t s )  a n d  t h e r e  are t w i c e  
as many m i n o r  g u s t s  a s  m a j o r  e u s t s ,  o r  f o u r  t i m e s  t h s  R u m -  
b e r  of T ) R ~ ~ S  of  major g u s t s .  
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T h i s  l a s t  a s s u m p t i o n  f a c i l i t a t e s  t h e  u s e  o f  a v a i l a b l e  
f a t i g u e  i n f o r m a t i o n .  F i g w e  4 i l l u s t r a t e s  s c h e m ~ t i c a l l y  
t h e  p i c t u r e  of minor  g u s t s  u s e d  as a b a s i s  f o r  c o m v u t a t i o n  
i n  t h i s  r e p o r t .  

I 4  

r' 

T h a  t h r e e  f c r e g o i u g  a s s u m p t i o n s  f o r  minor  g u s t s  o b v i -  
ously e x a g p e r n t e  t h e i r  i m p o r t a n c e ,  T h i s  e x a e g e r a t i o n  i s  
d e l i b ? r w t e  b e c a u s e ,  as  will b e  s h o w n  l a t e r ,  s v e n  w i t h  t h i s  
o v e r e m ~ h a s i s  on t h e  s e v e r i c y  of  t h e s e  p u s t s  t h e y  c o n t r i b u t e  
v e r y  i i t t l e  t o  s h o r t c ? n i n p  t h e  l i f e t i m e  o f  m a t e r i a l s .  

1Tufi;ber o f  G u s t s  D ~ T  M i l e  o f  O n s r a t i o n  

T h e  p r e c e d i r i p  d i s c u s s i o n  g i v e s  t h e  p r o b a b l ?  d i s t r i b u t f o r  
i n  magnitude o f  g u s t s  w h i c h  mipht b o  9 n c o u n t e r e d  o v e r  R l o n g  
p e r i o d  o f  t i v e :  I n  o r d e r  t o  t r a n s l a t e  t h i s  i n f o r m a t i o n  i n t o  
s e r v i c e  l i f e  o f  a n  a i r v l a n s :  i t  i s  n e c c s s s r y  t o  know how 
o f t e n  g u s t s  a I e  a n c o u n t e r e d .  Rhode  snd D o n e l y  a s sumed  t h a t  
t w o  c a s e s  s h o u l d  b e  c o n s i d e r e d  - a n  a i x p l a n e  f l y i n g  i n  
t u r b u l e n t  Bir and o n e  f l y i n p :  i n  s t i l l  a i r .  They  d e f i n e  a 
t e r m  "Dath r a t i o "  as t h e  r a t i o  o f  t h e  l e n g t h  o f  m a t h  i n  
t u r b u l e n t  a i r  t o  t h e  t o t a l  l e n g t h  o f  p a t h .  E x s m i n a t i o n  o f  
d a t a  f r o m  w i d e l y  s e p a r a t e d  s o u r c e s  i n d i c a t e d  t h a t  t h i s  p a t h  
r a t i o  m i g h t  v a r y  f r o m  0.005 t o  0,?4 ' ~ i t h  =in a v e r a g e  v s l u e  
o f  a b o u t  0 . 1 0 .  

The number of p u s t s  e n c o u n t p r e d  per  m i l e  o f  t u r b u l e n t  
:-iir d e p e n d s  o n  t h e  s i z e  o f  t h e  a i r p l a n e ,  Rhode  a n d  D o n e l y  
show t h a t  i n  t u r b u l e n t  a i r  a n  a i r p l a n e  o n  t h e  a v e r a g e  en- 
c o u n t e r s  a g u s t  e v e r y  11 c h o r d  l e n g t h s ,  Fo r  a n  a i r p l a n e  
h a v i n g  a 1 0 - f o o t  mean c h o r d  t h i s  w i l l  amount t o  48 g u s t s  p a r  
m i l e ,  On t h e  b a s i s  o f  t h e  a b o v e ,  t h e  t o t a l  number o f  p u s t s  
p e r  m i l e  o f  o p e r a t i o n  (1') c a n  h e  computed  b y  t h e  e q u a t i o n  

- 
when r i s  t h e  p a t h  r a t i o  as d e f i n e d  ~ n d  c i s  t h e  mean 
w i n g  c h o r d ,  i n  f 2 e t ,  f o r  t h e  a i r p l a n e  u n d e r  c o n s i d e r a t i o n .  

3. D I S C V S S I C N  OF DATA O N  T R F  FATIGUT STREITGTI! 

OF SOME A12FRAYT ELRMEFTS 

C o n v e n t i o n a l  f a t i e u e  d a t a  a r e  D r o s e n t e d  by  means o f  wha t  
a r e  c a l l e d  S - N c u r v e s c  A p o i n t  on s u c h  a c u r v e  r e p r e s e ~ t  
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t h e  number o f  c y c l e s  R p a r t ’ c a n  e n d u r e  of a s t r e s s  c y c l e  S .  

T h e r e  a r e  many ways o f  d e s i g n a t i n g  t h i s  s t r e s s  c y c l e .  
F o r  e x a m p l e ,  S mag r e p r e s e n t  t h e  maximum s t r e s s  i n  a c y c l e  
w h i c h  e x t e n d s  f rom + S  t o  - S ,  o r  i t  may r e p r e s e n t  R. c y c l e  
h a v i n g  a maximum v a l u e  SI and  A. minimum v a l u o  S, ,  o r  i t  
may have  o t h e r  m e a n i n g s ,  The c u r v e s  also may h a v e  d i f f e r e n t  
meanir,gs.  T h a t  i s ,  t h e  p o i n t s  o n  R c u r v e  may r e p r e s e n t  a 
c o n d i t i o n  where  t h s  ~ e h n  s t r e s s  i.n t h e  c y c l e  i s  k e p t  con- 
s t a n t ,  o r  t h e y  ma.y b e  d r a w n  f o r  t h e  c a s 9  w h e r e  t h e  r a t i o  of  
rcinimum t o  maximum  tress i s  k e p t  c o n s t q n t ,  or o t h e r  t y p o s  
of c u r v e s  may b e  u s e d  by  i n d i . v i d . u a 1  i n v e s t i e a t o r s .  T h u s ,  
i n  u s i n g  f a t i r u e  t q s t  d . a t a o  ii; i s  n e c e s s a r y  t o  know J u s t  wha t  
i s  meant by  t h e  C U ~ V P S .  

I n  p n r i p r a l ,  t h a r e  i s  no  h q r d  qnd  f a s t  r i l n t i o n  b e t w e e n  
t h e  f s t i p u e  s t r e n e t h  c f  T ps r t  a n d  i t s  s t a t i c  s t r s n g t h .  I n  
most c a s q s ,  t h e  s t s t i c  f - t i l u r e  i s  a c c o m ~ ~ n i e d  by S C P ~  duc-  * 
t i l i t y ,  while t h e  f a t i r u a  f q i l u r e  i s  n o t .  I n  a D a r t  s u c h  as  
R r i v e t e d  . j o i n t ,  f o r  e x a m p l a ,  t h e  s i a t i c  f a i l u r e  may b e  s h e a r  
f a i l u r e  i n  t h e  r i v s t s ,  w h i l e  t h e  f a t i c u e  f a i l u r e  may b e  ‘ b y  
c r a c k s  i n  t h e  s h e e t  b e t d e e n  r i v e t s ;  s o  t h e  t y n p  of s t a t i c  
f a i l u r e  m.ty have  n o  a p p a r e n t  r e l R t i o n  t o  t h e  t y p e  o f  f a t i y u e  
f a i l u r e  i n  t h e   SAT^ p a r t  a n d  may n o t  b e  evnn  i n  t h e  s a z e  10- 
c a t i o n .  E - v e r t h e l e s s ,  f o r  t h - :  p u r p o s e  of t h i s  r e p o r t  i t  i s  
c o n v e n i e n t  t o  e x Q r s s s  f z t i g u e  b e h a v i o r  i n  t e r m s  of  s t a t i c  
s t r  s n g t n ,  

* 

I n  many c a s e s  d a t a  a r e  a v a i l a b l e  which  -show t h q t  u n d e r  
R g i v e n  s t a t i c  l o a d  an a i r f r a m e  p a r t  will f a i l  by  b u c k l i n e ,  
t i a r i n g ,  o r  s o m e  o t h e r  f o r m  of  c q . t a s t r o ’ l , h i c  f a i l u r e .  The 
a d d i t i o n  of f a t i g u e  d a t q  t o  t h e  s t a t i c . d a t a  w o u l d  n r o v i d e  i n -  
f o r m a t i o n  as  t o  h o w  many t i m e s  t h e  P a r t  u n d e r  c o n s i d e r a t i o n  
c o u l d  s u r v i v e  t h e  r e p e t i t i o n  of a s t r e s s  sma .1 le r  t h a n  t h e  o n ?  
p r o d u c i n g  s t a t i c  f a i l u r e  w i t h o u t  f a i l i n g  i n  f a t i g u e .  ‘ i i h i l e  
i t  i s  a l w a y s  d e s i r a b l s  t o  b e  a b l e  t o  e x q r e s s  t h e  l o a d  a t  
f e i l u r e  i r ,  t e r m s  of t h s  s t r e s s  s t  t h e  l o c a t i o n  o f  t h e  f a i l u r e  
i t  i s  n o t  a l w a y s  D r a c t i c a b l e  t o  d o  t h i s ,  p a . r t i c u l a r l y  w i t h  
r e d u n d a n t  s t r u c t u r s s .  However,  i f  t h e  f a t i e u e  s t ~ n n g t h  unde.: 
a g i v e n  l o a d i n y  c y c l e  i s  e x p r e s s e d  a s  a, p e r ~ e n t a , p ~  of t h e  
l o 7 . d  for u l t i n a t e  s t a t i c  f a i l u r n  i t  i s  P o s s i b l e ,  b y  means o f  
t h e  scheme w h i c h  wil l  b e  o u t l i n e d ,  t o  o b t a i n  some i d e a  R . s  t o  
t h e  l i f e t i m e  o f  t h e  s t r u c t u r ~  u n d e r  r e p e n t e d  l o a d s  w i t h o u t  
A. d e t s , i l e d  knowledge  o f  t h e  a x a c t  s t r e s s  s i t u a t i o n  n t  e v e r y  
p o i n t .  
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Most of  t h e  l a b o r a t o r y  f a t i g u e  i n f o r m a t i o n  a t  prCr7sent 
a v a i l a 3 l e ,  wh ich  i s  d i r e c t l y  a p p l i c a b l e  t o  a i r f r a m e  s t r u c -  
t u r ? s ,  i s  i n  t h e  f o r m  o f  s o - c a l l e d  R c u r v e s  ( s e e  r s f e r e n c e  
2, p , 6 ) .  T h e s e  c u r v e s  c o n s t i t u t e  f a m i l y  i n  w h i c h  t h e  
maximum a l g e b r a i c  s t r e s s  i n  a r e p e n t e d  s t ~ e s s  c y c l e  i s  p l o t t  
~ g a i n s t  l i f s t f n e .  E a c h  c u r v e  of t h e  f a m i l y  r e p r e s e n t s  a 
d i f f e r e n t  c o n s t a n t  r a t i o  of miniFum t o  maximum s t r e s s .  3 i g -  
u r e s  fj a n d  6 i l l u s t r a t e  s u c h  f s m i l i e s  of c u r B e s  o n  t w o  w i d e l :  
d i f f e r e n t  t y p e s  o f  l a p  j o i n t  i n  qluminum s h e e t .  I n  b o t h  o f  
t h e s e  t h e  s t r e s s  c y c l e  a p p l i e d  was a. d i r e c t  s t r e s s ;  t h a t  i s ,  
n o  b e n d i n g  s t r e s s e s  w e r e  d e l i b e r a t e l y  a p p l i e d .  T h e s e  c u r v e s  
w e r e  p l o t t e d  i n  t e r n s  of u l t i m a t e  s t a t i c  s t r e n g t h  as  w e r e  
s u g g e s t e d .  I n  e s t n ' b l i s h i n g  cur 'vos of t h i s  t y m e ,  i t  i s  Pen- 
e r a 1  e x p e r i e n c e  t h a t  a. numbsr o f '  p o i n t s  a r e  r e q n i r e d ,  a n d  
t h e r e  i s  i n v a r i a b l y  s o n e  s c a t t e r  i n  r e s u l t s ,  s o  t h e  c u r v e s  
r e a l l y  r e n r e s e n t ;  t h e  c e n t e r  of  s c a t t e r  b2.nil.s. A c t u a l  ~ o i n t s  
txre shown i n  f igx i r e  5 t o  i l l u s t r a t e  t h e  m o u n t  o f  s c a t t e r  
e x p e c t e d .  I n  corr.plex s t r u c t u r e s  t h e  s c a . t t e p  m3.y b e  m o r s  thatr 
i n d i c s t e d  h e r e ,  I n  v i e w  of  t h e  f a c t  t h a t  o b t a t n i n p  hats o f  
t h i s  t y p g  f s  t i m e  c o n s u m i n g :  most dq.tn. a v a i l a b l e  r e p r e s e n t  
few B cur ' res  rtnd i n  m o s t  c a s a s  t h e  c u r v e s  d o  n o t  o x t e n d  be- 

n 

. y o n d  1 0 , 0 0 0 ~ 0 0 0  c y c l e s .  

I n  o r d e r  t o  c o m b i n e  t h e  g u s t  a n d  f a t i g u e  d a t a ,  i t  i s  
n e c e s s a r y  t o  i n t e r p o l e t e  b e t w e s n  R curvns a n d  also t o  ex-  
t e n d  d a t a  beyond  10,000,OcIO c y c l e s .  3 q s e d  on e x p e r i e n c e  
w i t h  t h i s  t y p e  o f  d a t a  some r u l e s  f o r  e x t r a p o l a t i o n  and  i n t e .  
p o l a t i o n  h a v e  b e e n  ;valved w h i c h ,  i t  i s  b e l i e v e d (  will p r o -  
d u c e  r e s u l t s  w h i c h  a r e  c l o s e  t o  v a l u e s  t h a t  w o u l d  b e  o b t a i n e c  
f r o m  a c t u s 1  m e a s u r e m s n t s  and wh ich  a r e  T h s t  
i s ,  t h e  u s e  o f  t h e s e  r u l e s  s h o u l d  n o t  l e a d  t o  u n s a f e  s t r u c -  
t u r e s .  

Cne o f  t h e  c o n s i d e r a t i o n s  i n  f o r m u l a t i n g  t h e s e  r u l e s  w a  
p r o v i d e d  b y  t h e  c o n v e n t i o n  d i s c u s s a d  H b o v e ,  t h a t  UT, a n d  down 
g u s t  l o a d i n g s  a r e  g r o u p e d  a r o u n d .  a mOan load. The a d o p t i o n  
o f  t h i s  c o n v e n t i o n  l e n d s  t o  t h e  c o n c l u s i o n  t h a t  i t  would  b e  
d e s i r a b l e  t o  h a v e  t h e  f a t i g u e  d s t a  i n  t e r m s  o f  c o n s t ~ n t  mean 
c u r v e s  i n s t e a d  of t h 2  c o n s t a n t  R t y D e .  A c c o r d i n g l y ,  t h e  
r u l e s  h a v e  b e e n  made c o n v e n i e n t  t o  o b t a i n  t h e s e  c o n s t a n t  meap 
c u r v e 3  e 

The s t e p s  i n v o l v e d  a r c :  

1. R e p l o t  t h e  d a t n  f rom c o n s t a n t  R c u r v e s ,  s u c h  a 3  
t h a t  i n  f i g u r e s  5 a n d  6 ,  i n  tsrms o f  maxioun v e r s u s  o e e n  l o P d  
f o r  c o n s t a n t  l i f e t i m e .  F i g u r e s  7 ,  P o  9, 10, 11, 1 2 ,  a n d  1 3  
i l l u s t r a t e  c u r v e s  o f  t h i s  t y p e  f o r  d i f f e r e n t  t m e s  of  s t r u c -  
t u r e s .  F o r  c o n v e n i e n c e  i n  m l o t t i n p  t h e s e  c u r v e s  f r o m  t h e  
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H cnrvo d a t a ;  l i n e s  o f  c o n s t a n t  R a r e  a l r t t e d  o n  t h e  maxi- 
m i ~ ~  l cad -mear  1o;id bingram. T h e s e  l i n e s  a r e  o b t a i n e d  f r o m  
t h e  e q u a t i o n  

mean l e a d  R + l  
-y_--.- E -- 
maximuin l o a d  2 

( 9 )  

On e x a m i n i n g  f i g u r e s  7 t o  l J 2  i t  will. b e  n o t e d  t h a t  
t h e  c u r v e s  o f  c o n s t a n t  l i f e t i m e  a r e  p r a , c t i c a l l y  s t r a i g h t  
l i n e s  f 9 r  r a t i 3 s  of f r o m  C A 2 5  t o  0 . 7 5 ,  a n d  i n  f i g u r e s  g a n d  
%jc where d a t a  on l o w  v a l u e s  o f  R were o b t a i n e d ,  t h i s  
l i n e a r i t y  e x t e n d s  f a i r l y  w e l l  t h r o u g h o u t  t h e  e n t i r e  r a n g e  
i n  R ,  F u r t h e r m o r e ,  i t  w i l l  b e  n o t e d  f r o m  f i g u y e s  8 a n d  13 
t h a t ,  i f  i.? is assumed  t h a t  t h i s  r e l a t i a n  i s  l i n e a r ,  s t r e s s  
v a l u e s  a t  l o w  and  n e g R t i v e  v a l u e s  c f  R a r e  c o n s e r v a t i v e .  
On t h i s  b a s i s ,  t k e  m e t h c d  u s e d  t o  f i n d  f a t i g u e  s t r e n p t h . ;  a t  
R v a l u e s ,  o t k , e r  t h a n  t h o s e  f o r  w h i c h  t h e r e  a r e  a c t u a l  d a t a ,  
i s  t o  d r a w  s t r a i g h t  lines t h r o u g h  t h e  p o i n t s  a v a i l a ' u l e  and 
s x t e n d  t h e s e  t o  1 r ; W  values o f  R, The c u r v e s  i n  f i g u r e s  7 
t o  1 3  c a n  b e  u s a d  t o  c o n s t r u c t  S - N c u r v e s  f o r  c o n s t a n t  
niean s t r e s s .  Figure 14 shows a s e r i e s  of s u c h  c u r v e s  p l o t t e d  
for a c o n s t a n t  mebn l ~ a d  of 2 1 . 2  p e r c e n t  of  t h e  u l t i m a t e  
s t r e n g t h .  T h i s  v - t l u e  was c h r ~ s e n  t o  f i t  w i t h  t h e  i l l u s t r a t i v e  
exampl-e o n  g u s t  l o a d i n g  g i v e n  e a r l i e r  i n  t h e  r e D o r t .  

2 .  As was n o t e d  a b o v e ,  a v a i l a b l e  f a t i , c u e  d a t a  r a r e l y  
e x t e n d s  . t o  ereater  t h a n  1 0 , 0 0 0 , 0 0 0  c y c l e s .  S o m e  helD i n  
e x t e n d i n g  t h e  c o n s t a n t  mean c u r v e s  t o  l i f e t i m e s  longer t h a n  
1 0 , 0 0 0 , @ 0 0  c y c l e s  i s  o b t a i n e d  f r o m  f i - r e  14. I t  w i l l  b e  
nroted t h a t  a t  l o 7  c y c l e s  t h e  " c o n s t a n t  mean" cuives i n  
f i g u r e  14 do n o t  l i e  f a r  a b o v e  R s t r e s s  v a l u e  2 1 . 2  p e r c e n t  
of t h e  u l t i m a t e  s t r e n p t h .  A t  2 1 . 2  p e r c e n t  o f  t h e  u l t i m a t e  
s t r e n g t h  t h e  l i f e t i m e  should b e  i n f i n i t e  b e c a u s e  t h i s  reDre-  
s e n t s  s t e a d y  s t r e s s ,  F r o m  t h i s  f a c t ,  t h e  s l o p e  of  t h e  
e x t r a p o l a t e d  c u r v e  can b e  l o c a t e d  w i t h i n  fairly close l i m i t s ,  
f u r t h e r m o r e ,  f r3m data s u c h  as t h o s e  o f  r e f e r e n c e  3 ,  w h i c h  
e x t e n d  t o  o v e r  1 0 0 , 0 9 0 , 0 0 3  c y c l e s ,  i t  i s  s e e n  t h a t  if t h e  
s l o p e  o f  t h e  f a t i g u e  c u r v e  a t  l o 7  c y c l e s  i s  p r o l o n g e d  i t  
w i l l  l i e  u n d e r  t h e  a c t u a l  c u r v e  a n d  will, t h e r e f o r e ,  b e  
c o n s e r v a t i v e .  On t h e s e  b a s e s  t h e  method of  e x t r a p o l a t i n g  
t o  l o n g  l i f e t i m e s  u s e d  i n  t h i s  r e p a p t  i s  t o  e x t e n d  t h e  
c o n s t a n t  mean curve u s i n g  r o u g h l y  t h e  s l o p e  a t  IO7 C y c l e s :  
making t h e  curve i n t e r s e c t  t h e  p;in.t w h e r e  t h e  mean l a e d  
equsls t h e  m a x i m u m  load a t  l O l a  c y c l e s .  B y  u s i n g  t h i s  
method, i t  i s  b e l i e v e d  t h a t  t h e  e x t r n D o l a t e d  c u r v e  w i l l  b e  
c l o s e  t o ,  b u t  s ~ r o e w h a t  u n d e r ,  t h e  c u r v e  w h i c h  wou ld  b e  ob- 
t a i n e d  b y  actual m e a s u r e m e n t .  



' *  

I' 

F a t i e u e  Damage 

P o i n t s  on t h e  f a t i e u e  c u r v e s  j u s t  d r ? s c r i b e d  w e r e  o b t a i n c  
b y  r e p e a t i n p  a g i v e n  s t r e s s  c y c l e :  h o w e v e r ,  i n  s e r v i c e ,  a 
p a r t  w i l l  b e  s u b j e c t e d  t o  an  i r r e g u l a r  s e r i e s  of s t r e s s  c v c l e  
I t  i s ,  t h e r e f o r e ,  i m 7 o r " c n t  t o  know how much r e p e a t e d  i o a d -  
i n g  a t  o n e  s t r e s s  c y c l e  'dill a f f e c t  t h e  l i f e t i m e  a t  a n o t h e r  
s t r e s s  c y c l e ,  o r  i n  e t h e r  words ,  how much damaee  i 3  p r o d u c e d  
b y  n g i v e n  s t r e s s  c y c l e  r e p e a t e d  r fn r r  t i m e s ,  

T h e r e  a r e  r io t  e n o u g h  d a t a  a . v a . i l a b l e  t o  a l l o w  t h i s  quan-  
t i t y  t c  b e  h a n d l e d  p r e c i s e l y ;  however ,  t h e r e  i s  enough  known 
a b o u t  damage i n  g e n e r a l  t o  a l l o w  r u l e s  t o  b e  d e v e l o p e d  w h i c h  
w i l l  u s u a l l y  p r e d i c t  t h e  e f f e c t  o f  damage w i t h i n  t h e  s c a t t e r  
band  s u r r o u n d i n g  f a t i g u e  c u r v e s ,  a n d  w h i c h  i n  a n y  c a s e  w i l l  
l e a d  t o  s a f e  d e s i g n .  

The m o s t  c a r e f u l  work  on f a t i g u e  damage h a s  b e e n  dqne  on 
s t e e l s ;  h o w e v e r ,  t h e r e  h a s  'been some work  on  o t h e r  m e t a l s .  
( s e e  r e f e r e n c e  4 ,  p .  188-200,; 

From t h i s  w o r k  t h e  f o l l o w i n p  g e n e r a l  s t a t e m e n t s  c a n  b e  
made r e g a r d i n g  f a t i g u e  damage: 

1. R e p e a t e d  c y c l e s  of low s t r e s s  u s u a l l y  haQ0 R s t r e n g t l  
e n i n g  e f f e c t .  T h i s  i s  e s p e c i a l l y  t r u e  w i t h  s t e e l s  w h e r e  t h e  
s t r e s s  c y c l e  i s  u n d e r  t h e  e n d u r a n c e  l i m i t ;  h o w e v e r ,  i t  i s  
a l s o  t r u e  f o r  n o n f e r r o u s  a l l o y s  U'D t o  a c e r t a i n  number of 
c y c l e s .  

2 ,  W h i l e  c y c l e s  o f  h i g h  s t r e s s  a r e  i n  g e n e r a l  damnKing, 
a c e r t a i n  number o f  t h e s e  c a n  be r w e a t e d  w i t h o u t  a n a r e c i a b l y  
a l t e r i n g  t h e  number o f  c y c l e s  t h a t  c a n  b e  e n d u r e d  a t  a l o w e r  
s t r e s s  l e v e l .  

From t h e  a b o v e  i t  cRn b e  s e e n  t h a t  r e p s a t e d  s t r e s s e s  

R e c e n t l y ,  Miner ( r e f e r e n c e  5 )  has s u p p a s t e d  a scheme 

c a n  b e  b o t h  damag ing  a n d  s t r e n g t h e n i n p .  

w h e r e b y  t h e  e f f e c t  o f  damage can  b e  e s t i m a t e d  q u i t e  c l o s e l y  
a t  l e a s t  f o r  24s-T A l c l a d .  

H i s  s cheme  i s  b a s e d  o n  t h e  a s s u m p t i o n  t h a t  e v e r y  c y c l e  
a t  a n y  s t r e s s  p r o d u c e s  some damaee a n d  t h a t  t h e  damage p r o -  
d u c e d  b y  a n y  s t r e s s  c y c l ~  i s  p r o p o r t i o n a l  t o  t h e  l i f e t i m e  
a t  t h a t  s t r e s  s e 

T h u s ,  t h e  l i f e  o f  9. ?art  ur .der  3 s t r e ; ?  s p e c t r u m  c p n  b e  
corr.T-ut ed f r o 3  t h e  e q u a t i o n  



n3 - + - ? + " - + + . s = 3 .  1 
n n 

0 x h e r e  n, i s  t h e  number 05 c y c l e s  a t  s t r e s s  c y c l e  S, h a v l n t  
a c o t e n t i a l  l i f e  o f  IT, c y c l e s .  

Tlsare a r e  t w o  u a c o n s e r v a t i v e  a s n c c t s  t o  t h i s  a s s u m n t i o n .  

1, I t  i p n o r e s  t h e  p o s s i b i l i t y  t h a t  t h e  damage may b e  
g r e a t e r  f o r .  some s t r q s s  c y c l e s  t h a n  w o u l d  b e  p r e d i c t e d  from 
d j  r e c t  F r o p o r  t i o n a l  i t y .  

2 ,  Brueggsman,  Illnyer, a n d  S m i t h  ( r e f a r p n c e  6 )  h a v e  show, 
t h a t  t k s  l i f e t i m e  u n d e r  a s i r r p l e  s t r e s s  s ~ e c t r u m  c o n s i s t i n g  
o f  one  s p r i e s  of  h i g n  s t r e s s ' - s  a n d  o n e  s e r i e s  of low s t r e s s e :  
d.epends o n  w h e t h e r  t h e  hiTri s b r e s s  c y c l e s  o r  l o w  s t r e s s  c y c l f  
a r e  a p p l i e d  f i r s t .  

T h e s e  u n c o n s e r v a t i v e  a s p e c t s  are, h o w e v e r ,  m o r e  t h a n  
b a l a n c e d  b y  t h e  f o i l o w i n g  c o n s e r v a t i v e  f a c t o r s ,  

1. The  s c h e n e  a t t r i b u t e s  some dqrnaFe t o  a l l  s t r e s s  
c y c l s s ,  w h e r e a s ,  t h e  f a c t s  a r e  t h a t  a c e r t s i n  number o f  
c y c l e s  a t  a n y  s t r i s s  c a n  b e  a p ? l i e d  w i t h o u t  p r o d u c i n c  a p n r e c  
a b l e  dama,se, 

2 .  S t r e n g t h e n i n g  f r o m  u n d e r  s t r ~ s s i n g  i s  i g n o r e d .  S i n c ~  
m o s t  o f  t h e  s t r e s s  c y c l e s  a p n l i e d  i n  s e r v i c e  a r e  a t  a l o w  
s t r e s s  l e v e l ,  t h i s  f a c t o r  1 s  q u i t ?  c o n s s r v a t i v e .  

5.  W h i l e  t h e  f i n d i n g s  o f  S r u e g g e n a n ,  Y a y e r ,  and  S r r i t h  
a r e  c o r r e c t  when t h e  h i g h  a n d  l o w  s t r e s s  l e v e l s  a r e  s h a r n l y  
s e g r e g a t e d ,  i n  s a r ~ i c e  w h e r e  h i p h  a n d  l o w  s t r e s s e s  a r e  
a l t e r n a t e d  t h e  e f f e c t  s h o u l d  b e  p r e a t l y  m i n i m i z e d .  

The u s e f u l n e s s  of t h e  s c h i m e  D r o n o s e d  b y  Miner h a s  b e e n  
c h e c k e d  e x n e r i m e n t a l l y  b o t h  a t  t h e  l ~ b o r a t o r i ~ s  of t h e  Dougla  
A i r c r a f t  Cornany ,  I n c .  ( r e f e r e n c e  5 )  nnd a t  B a t t e l l e .  A t  
b o t h  D l a c e s  l i f e t i n e s  p r e d i c t e d  f r o m  e q u a t i o n  0 0 )  are w i t h i n  
t h e  s c a t t e r  band f o r  m e a s a r e d  l i f e t i r e s  f o r  a l l  c a s e s  t r i e d  
s o  f a r ,  

4 .  THE C O M B I X A T I O 3 T  C I  G U S T  AND FATIGUE D A T A  

A number of  c a s s s  h a v e  b e f n  w o r k e d  o u t  i l l u s t r s t i n g  how 
g u s t  and f a t i g u e  d a t a  c a n  b e  c o m b i n s d ,  T h e s e  exam-oles h a v e  
b e e n  b a s e d  on t h e  f o l l o w i n g  f a c t o r s ;  
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1. I n  a l l  c a s e s  examnles  h a v e  b e e n  w o r k e d  o u t  u s i n g  t h e  
g u s t  d i s t r i b u t i o n  c u r v e  shown i n  f i e u r e  3 ,  Tn t h i s  f i g u r e  
t h e  c l a s s  i n t e r v a l  i s  4 , 5  f e e t  p e r  s e c o n d .  T h i s  d i s t r i b u t i o :  
i s  b a s e d  on  t h e  upner  l i m i t  of Rhode a n d  D o n e l y l s  d s t a .  

2 ,  S e v e r a l  c a s e s  a r e  comuuted  u s i n p  a g u s t  c l a s s  i n t e r -  
v a l  of 2 f e e t  p e r  s e c o n d  t o  show t h a t  t h i s  i n t e . r v a l  p r e d i c t s  
somewhat l o n g e r  l i f e t i m e s  a n d  i s ,  t h e r e f o r e ,  , l S S S  con- 
s e r v a t  i v e  t h a n  t h e  4 e 5-f o o t - ~ s r - s  econd  i n t  e r v a l  . 

3.  A c a s ?  h a s  b e e n  worked o u t  u q i n e  t h P  lower  l i m i t  of 
Rhode a n d  D o n e l p ’ s  d a t a  and a 4 , 5 - f o O t - b s r - s s c o n d  g u s t  C l a s s  
i a t e r v a l .  T h i s  c a s e  shows how much l o n g e r  I i f e t i v e s  a r e  p r e -  
d i c t e d  f r o m  t h e  u s e  o f  t h e i r  l o w e r  l i m i t .  

4. I n  a l l  c a s e s  i t  i s  assumed t h a t  UP a n d  down i n c r e -  
men t s  i n  l o a d  f a c t o r  a r e  g r o u p e d  a r o u n d  a g load a s  a 
mean v a l u e ,  Tk,e i d e a l i z e d  s h a p e  of t h e  m a j o r  g u s t  c u r v e  
u s e d  i s  shown i n  f i g u r e  3b. 

5 .  S e v e r a l  c a s s s  f o r  w i d e l y  d i f f e r e n t  t y p e s  of  s t r u c -  
t u r a l  e l e m e n t s  have  b e e n  w o r k e d  o u t  s h o w i n g  t h e  e f f e c t  o f  
minor  g u s t s .  The i d e a l i z e d  s h a p e  o f  t h e  m i n o r  p u s t  p a t t e r n  
i s  shown i n  f i g u r e  4 .  

6 ,  The a i r p l a n e  u s e d  f o r  i l l u s t r a t i o n  i s  assumed t o  
h a v e  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  

( a )  I t  i s  d e s i g n e d  f o r  l i m i t  l o a d  a t  a 3 0 - f o o t - p e r -  

( b )  I t  has a c r u i s i n g  s p e e d  o f  220 m i l e s  p e r  h o u r .  

( c )  I t  h a s  a l i m i t  l o a d  f a c t o r  o f  3 . 1 4  a n d  a n  u l t i m a t e  

( d )  A t  a l o a d  f a c t o r  o f  le ( z p r o  p u s t  v e l o c i t y )  t h e  

s e c o n d  gust, 

l o a d  f a c t o r  of 4 ,71 .  

s t r e s s  i n  a p ~ r t  u n d e r  c o n s i d e r a t i o n  i s  2 1 . 2  p e r -  
c e n t  o f  i t s  u l t i m a t e  s t r e n g t h  (100/4.71), 

7 .  I n  o r d e r  t o  r e d u c s  t h e  l i f e t i m e  i n  g u s t s  t o  m i l e s  o r  
h o u r s  of o p e r a t i o n  i t  i s  assumed t h a t  t h e  mean w i n e  c h o r d  i s  
11 f e e t  a n d  t h e  p a t h  r a t i o  i s  0.1. 

i n  f i g u r e  14. 
8 .  Th2 f a t i g u e  c u r v n s  u s e d  f o r  c o r n n u t a t i o n s  a r e  shown 

T a b l e s  3 ,  4, 6 ,  7 ,  8 ,  9 ,  11, a n d  12 shnw t h e  e f f e c t  o f  
m a j o r  g u s t s  com-outed i n  v a r i o u s  ways .  I n  t h e s e  t a b l e s  t h e  
v a r i o u s  co lumns  h a v e  t h e  f o l l o w i n g  s i c n i f i c a n c e :  
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---_--I_- Column 1 i s  t h e  g u s t  f r e q u e n c y  d i s t r i b u t i o n  t a k e n  e i t h e -  
. f r .om f i g u r e  2 ,  wh ich  i s  b a s e d  on  a c l a s s  i n t e r v a l  o f  4 .5  f e z  
v e r  s e c o n d  o r  o n  a 'basis o f  2 f e e t  p e r  s e c o n d ;  t h e  i n t e r v a l  
u s e d  i s  d e s i g n a t e d  a s  the c a p t i o n  o f  t h e  t a b l e .  The nlimbers 
i n  t h i s  c o l u m n  a r e  b a s e d  on  R . t o t a l  of l , O O C s O O O  g u s t s .  

C o l u p A z  i s  t h e  rns.gnitu.de of  t h e  f rust  v e l o c i t y  a t  t h e  

-.- C o l u m n 2  -- i s  t h c  load f a . c t o r  i n  II,ft u n i t s  ~ s s o c i a t e d  

midpo in t  of  t h e  i n t e r v a l .  

w i t h  t h e  g u s t  v e l o c i t i e s  i n  col.umn 2 as  c o n ~ u t e d  by e q u a t i o n  

Colunin 4 i s  t h e  maximum l o a d  i n  o e r c e n t  o f  u l t i m a t e  
s t r e n g t h  a s s o c i a t e d  w i t h  t h e  l o e , d  f a c t o r s  i n  co lumn 3 as 
computed f r o m  e q u i t i o n  ( 7 ) *  

w i t h  t h e  rnaximum loads i n  coluinn 4 when t h e  mean load i s  4 

2 1 . 2  p e r c e n t  o f  t h e  u l t i i n s t e  s t r e n g t h ,  T h e s e  v a l u e s  a r e  
o b t a . i n e d  f r o m  th.e r i . p r , rop r i a t s  f a t i g u e  c u ~ v e  i n  f i g u r e  14: 

( 5 )  3 

- - -I.- *-.- -- 

Column ---.* -.-. _- .-_ 5 i s  t h e  ~ o t e r i t i a l  l i f e t i v e  i n  c y c l e s  a s s o c i a t e d  

Column - --.-__-.* 6 c o n t n i r i s  n u c b e r s  w h i c h  a r e  t h e  r a t i o  of v a l u e s  
i n  column 1 t'3 t h o s e  i n  co lumn 5 e x p r e s s e d  i n  ~ e r c e n t .  The  
f i g u r e s  i n  t h i s  co lumn r e p r e s s n t  t h e  amount o f  l i f e  e x h a u s t e d  
b y  t h e  number o f  g u s t s  i n  c7. g i v e n  c l a s s  i n t e r v a l ,  The sum 
o f  a l l  numbers  i n  c o l u m n  6 i s  t h e  p e r c e n t n e e  of  l i f e t i m e  
e x h a u s t e d  b y  1,009,000 g u s t s  hal.vinf: m a g n i t u d e - f r e q u e n c y  d i s -  
t r i b u t i o n  shown i n  c o l u m n s  1 a n d  2 -  

The l i f e  i n  m i l e s  a s s o c i a t e d  w i t h  m a j o r  g u s t s  i s  com- 
p u t e d  from t h e  e q u a t i o n  

w h e r e  F i s  c o m ~ u t e d  b y  ~ q u z t i o n  (F), u s i r g  a p a t h  r a t i o  o f  
0,1 and a mean c h o r d  of 1 1 . 0  f e e t ,  F i s  4 . 3 7 .  

T a b l e s  5 and  1 0  show t h e  e f f e c t  o f  m i n o r  e u s t s  o n  t w o  
w i d e l y  d i f f e r e n t  t m e s  o f  l a p  j o i n t .  

Ir, t h e s e  t a b l e s  t h e  v a r i o u s  co lumna h a v e  t h e  f o l l o w i n e  
s i g n i f i c a n c e ,  

o f  p s t s  i n  e n c h  c l a s s  i n t e r v a l  ( f i p .  2 )  bTr 4, 
Column 1 i s  c o m ~ u t e d  b v  1 2 u l t i p l . y i n ~  t h e  number o f  D a i r s  
--_I--_ 

Column 2 i s  computed  b y  a d d i n g  1 f o o t  p e r  s e c o n d  t o  t h e  
_I- -- 

g u s t  v e l o c i t y  r e p r e s e n t i n p  e a c h  c l a s s  i n t e r v a l .  ( S D e  f i g .  4. 
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Column 3 i s  COnDUted f r o n  co lumn 2 b y  means o f  e q u a t i o n  

Column 4 i s  t h e  mean v a l u e  f o r  minor  g u s t s  and  i s  t h e  
same as  t h e  maximum v a l u e  f o r  m a j o r  g u s t s .  ( S S P  c o l .  3 o f  
t a b l e s  1, and  e t c , )  

---- ( 5 ) .  

-uc .---- 

Coiumn 5 i s  t h e  l i f e t i m e  a s s o c i a t e d  w i t h  t h e  maximum 
loads as  g i v e n  i n  co lumn 3 and t h e  mean l o a d s  a s  g i v e n  i n  
co lumn 4. T h e s e  l i f e t i m e s  a r e  r e n d  f r o m  c u r v e s  c o n s t r u c t e d  
w i t h  t h e  u s e  of  f i g u r e s  7 a n d  13 and  u s i n g  t h e  r u l e s  o f  
e x t r a p o l a t i o n  d i s c u s s e d  akove .  

1.1 ..--__ 

Column 6 c o n t a i n s  v a l u e s  i n  co lumn 1 d i v i d e d  'OY t h o s e  
---I- ---. 

i n  co lumn 5 e ~ ~ r e s s e d  a s  p e r c e n t  o f  t o t a l  l i f e .  

The sum of  v a l u e s  i n  column 6 i s  t o  b e  z d d e d  t o  t h e  
s i m i l a r  v a l u e  a.s o b t a i n e d  i n  i a b l e s  1, 3 ?  l + p  6 ,  7 ,  e ,  9, 11, 
and  i 2  t o  d e t e r m i n e  t h e  l i f e t i m e  e x h a u s t e d  b y  b o t h  m a j o r  a n d  
m i n o r  g u s t s  f o r  1 , 0 0 0 , 0 0 0  m % . j o r  g u s t s ,  

D I S C U S S S C N  OF RESULTS 

I n  t a b l e s  1 t o  1 2 ,  l i f e t i m e s  h a v e  b e e n  computed  f o r  a 
s e r i e s  of s t r u c t u r a l  e l e m e n t s  h a v i n g  w i d e l y  d i f f e r e n t  p r o p e r -  
t i e s  according t o  r u l e s  d e v e l o p e d  i n  t h i s  r e n o r t .  

T h e s e  c o m p u t a t i o n s  show b o t h  t h e  l i m i t a t i o n s  and t h e  
~ o s s i b i l i t i e s  o f  t h e  p r o p o s e d  scheme r e g a r d i n g  t h e  a D p l i -  
c a t i o n  o f  g u s t  f r e q u e n c y  d a t a  t o  f a t i g u e  i n f o r m a t i o n ,  

I n  o r d e r  t o  u t i l i z e  t h e  f a t i g u e  d a t a  a v a i l a b l e  i t  W A S  

n e c e s s a r y  t o  d e v i a t e  t o  some e x t e n t  f r o m  r e c o g n i z e d  d e s i g n  
p r a c t i c e s .  I t  i s  usual i n  d e s i g n  t o  commute s k i n  s t r e s s e s  
a n d . t h = n  t o  n a k e  c h e  j o i n t s  s t r o n g  enough t o  w i t h s t ~ n d  t h e s e  
s t r e s s e s  w h a t e v e r  t h e y  may be ,  When t h i s  me thod  i s  u s e d ,  t h e  
j o i n t  may o r  may n o t  b e  c r i t i c a l ,  TI-9 J o i n t s  on w h i c h  t h e r e  
w e r e  s u i t a b l e  d 3 t a  w e r e  n o t  d e s i p n o d  t o  d e v e l o p  maximum 
s t r e s s e s  i n  t h e  s h e e t  u n d e r  t h e  l o a d i n g  c o n d i t i o n s  u s e d ;  
t h e r e f o r e ,  a l l  o f  t h e  c o m a u t a t i o n v  w e r e  mads i n  t e r m s  of 
j o i n t  s t r e n g t h  r a t h e r  t h a n  s h a e t  s ~ r e n e t h .  By e x p r e s s i n g  
all s t r e n g t h s  i n  t e r m s  of  l s e r c o n t  o f  u l t i m a t e  s t r e n g t h ,  hov-  
e v e r ,  t h e  t r e a t m e n t  has b e e n  msde n o n s p e c i f i c  as t o  j u s t  
w h e r e  f a i l u r e  must o c c u r ;  t t . e r e f o r e ,  t h o  same n r i n c i n l e s  u s e d  
h e r e  c o u l d  b e  made t o  a p p l y  t o  a n y  d e s i g n  s i t u a t i o n .  
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Whi l e  t h e  c o m p u t a t i o n s  show t h R t  f o r  v a r i o u s  r e a s o n s  
w h i c h  w i l l  b e  l i s t e d  b e l o w ,  i t  i s  n o t  ~ o ~ s i b l e ,  a t  p r e s e n t ,  
t o  p r e d i c t  u n e q u i v o c a l l y   he l i f e  o f  a p a r t  i n  a g i v s n  a i r -  
p l a n e ,  i t  i s  p o s z i b l e  t o  o b t a i n  i n f o r m a t i o n  a b o u t  t h e  r e l a t f  
i i f e t i m e  of a l t e r n a t e  d e s l g n s ,  and t h e r e  a r e  c e r t a i n  o t h e r  
c o n c l u s i o n s  w h i c h  a p p e a r  t o  be r e a s o n s . b l y  s e c u r e  r e P a r d l e s s  
of  f u t u r e  a d d i t i o n s  o f  i n f o r m a t i o n ,  S o m ~  c o n c l u s i o n s  b a s e d  
on t h e  c o m g u t n t i o r s  g i v e n  i n  t a b l e s  1 t o  1 2  a r e :  

1, The m a j o r  e f f e c t  o n  l i f e t i m s  i n  all l a p  J o i n t s  i s  
n r o d u c e d  'by g u s t s  i n  t h e  r a n g e  f r o m  4 . 5  t o  Q f e P t  Der  s e c o n d ;  
on s h e e t  m a t e r i a l  t h e  r a n g e  i s  f r o m  4 , 5  t o  13 .5  f e e t  p e r  
s e c o n d ,  

2 .  I n  all c a s e s  computed ,  g u s t s  h a v i n g  A. v e l o c i t y  g r e a t e  
t h a n  26 f e s t  p e r  s e c o n d  h q v e  a n e g l i g i b l e  e f f s c t  o n  l i f e t i m e  
t a r r i n g ,  of c o u ~ s e ,  g u s t s  l a r g e  enough  t o  f a i l  t h e  s t r u c t u r e  
s t a t i c a l l y .  

3 .  T a b l e s  5 a n d  1 0  show t h a t  f o r  w i d e l y  d i f f e r e n t  t y p e s  
of l a p  j o i n t s  m i n o r  p s t s  h a v e  v e r y  l i t t l e  e f f e c t  on  l i f e -  
t i m e ,  T h i s  r e s u l t  i s  o b t s i n e d  i n  s p i t e  of t h e  f a c t  t h a t  t h e  
m a g n i t u d e  o f  minor  g u s t s  was e x a g g e r a t e d .  

4, A s  was m e n t i o n e d  aboTTe, c u s t o m a r y  d e s i g n  p r o c e d u r e  
a t t e m p t s  t o  d e v e l o p  mRximun a l l o w a b l e  s h e e t  s t r e s s e s ,  F o r  
or,e r o k  of r i v e t s  s ~ a c e d  3 / 4  i n c h  i n  0 .040  24s-T A l c l a d  
s h e e t ,  t h e  s t a t i c  u l t i m a t e  s t r e n g t h  of t h e  J o i n t  i s  r e a c h e d  
when t h e  s t r e s s  i n  t h e  s h e e t  i s  o n l y  2 3 , 1 0 0    si. When t h i s  
j o i n t ;  i s  o p e r a t i n g  at a l o a d  f a c t o r  of 4.71 i t  w i l l  h a v e  a 
l i f e t i a e  c o n p u t e d  b y  t h e  me tkods  d e v e l o n e d  h e r e  of ly930Q 
h o u r s .  ( S e e  t a b l e  1 . )  I f  t h e  n u r b s r  of r i v e t s  i s  d o u b l e d  
b y  i n s e r t i n g  a s e c o n d  r o w ,  t h e  s t r e s s  i n  t h e  s h e e t  w i l l  b e  
4 8 , 2 0 0  p s i  when t h e  j o i n t  i s  a t  i t s  u l t i m n t e  s t r e n p t h ,  R 
v a l u e  more t h a n  d o u b l e  t h a t  o b t a i n e d  f o r  a s i n g 1 2  r o w  of 
r i v e t s .  Rowever,  i f  t h e  j o i n t  c o n t a i n i n e  t w o  r o w s  o f  r i v e t s  
i s  s u b j e c t e d  t o  t h e  p u s t  s t r e s s  c y c l e  a t  t h e  same p ~ r c e n t a ~ r e  
o f  i t s  u l t i n n t e  s t r e n g t h  i t s  l i f s t i v e  w i l l  b e  o n l y  3240 
h o u r s .  ( S e e  t a b l e  6 . )  T h u s ,  w h i l e  d o u b l i n g  t h e  number o f  
r i v e t s  w i l l  d o u b l n  t h e  s t r e n g t h  r r f  t h e  j o i n t  a s  j u d p e d  b y  
s t a t i c  t e s t s ,  t h e  s t r o n p e r  . j o i n t  w i l l  n o t  l a s t  s o  l o n g  when 
o p e r a t e d  a t  t h e  nzw s t r e n p t h  l e v e l .  T a b l s s  7 ,  9 ,  a n d  11 s h o b  
t h a t  t h i s  same s t a t e  o f  a f f a i r s  a p p l i e s  t o  o n e  a n d  t w o  r o w s  
o f  s p o t  w e l d s ;  hclwever, t h e  p a r t i c u l a r  j o i n t  h a v i n p  t h r e e  rob .  
of s p o t  w e l d s  i n v e s t i p a t e d  c a n  o n e r a t e  a t  f u l l  s t r e n g t h  a n d  
w i l l  h a v e  a l i f a  e v e n  l o n p e r  t h a n  t h e  s i n g l e  r o w  j o i n t  o p e r a -  
t i n g  a t  a n  e q u i v a l e n t  s t r e n g t h  l e v e l ,  

4 
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Many of t h e  u n c e r t a i n t i e s  i n  m r e d i c t i n g  t h e  l i f e t i m e  of 
a i r f r a m e  p a r t s  o r i g i n a t e  w i t h  t h e  f l i g h t  da tq . .  The m o s t  i m -  
p o r t a n t  s o u r c e s  o f  u n c e r t a i n e i t y  c a n  b e  s u m m a r i z e d  R S  f o l - l o w s  

1, T h s  d a t a  examined  b y  Rhode and  D o n e l y  do no t  l e a d  t o  
a d e f i n i t e  g u s t  m a g n i t u d s - f r e q u e n c y  d i s t r i b u t i o n ,  ' I 'hss,  
t h e r e f o r e ,  r e p o r t  t w o  d i s t r i ' b u t i o n  c u r v e s  r e m r e s e n t i n g  t h e  
u p p e r  a n d  l o w e r  l i n l t s  of '  t h e  d a t a  a v a i l a b l e  t o  t h e m .  On 
c o m p a r i n g  t h e  d a t a  i n  t a b l e  1 (commuted f r o m  c u r v s  A ,  f i g .  
1) w i t h  t h a t  i n  t a b l e  2 ( c o m p u t e d  f rom c u r v e  '13, f i g .  1) i t  
i s  s e e n  t h a t  t h e  p r e d i c t e d  l i f e  d e o e n d s  on w h e t h e r  t h e  u p p e r  
o r  t h e  l o w e r  l i m i t  of Bhode and  D o n e l y  d a t a  i s  u s e d  as  R 
b a s i s  f o r  c o m p u t a t i o n .  I t  i s  ~ o u s i b l e  t h a t  a s  more d a t a  a r e  
a c c u m u l a t e d  t h i s  s i t u a t i o n  w i l l  b e  i F p r o v e d ;  h o w e v e r ,  i t  w i l l  
p r o b a b l y  n e v e r  b e  p o s s i b l e  t o  d e v e l o p  a u n i v e r s a l l y  a p p l i c a b l  
d i  s t  r i b u t  i on curvs.  

t 2 ,  One o f  t h e  m o s t  i m p o r t a n t  gaps i n  p r e s e n t  i n f o r m a t i o n  
i s  t h e  lack of knowledge  o f  t h e  s e a u e n c e  o f  u? and  down gust:: 
I n  t h i s  r e p o r t  i t  bas b s e n  assumed t h a t  t h e y  f i r e  g r o u p e d  i n  
s u c h  a manner t h a t  t h e  mean l o a d  f a c t o r  c a n  l e  c o n s i d e r e d  t o ,  
b e  l g -  T h i s  a s s u n D t i o n  i s  R c o n s e r v a t i v e  one  a n d  may b e  t o o  
c o n s e r v a t i v e .  

3 .  I t  h a s  b e e n  a s sumed  t h a t  t h e  a c c e l e r a t i o n  9 . t  t h e  cen- 
t e r  o f  g r a v i t y  of a n  a . i r p l a n e  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  
g u s t  v e l o c i t y  ( e q u a t i o n  (1)) ;  however a c c e l e r a t i o n  a t  o t h e r  
l o c a t i o n s  may c o t  b e  d i r e c t l y  p r o o o i - t i o n a . 1 ,  a n d  t h e  f u n c t i o n a  
r e l a t i o n s h i p  may b e  d i f f e r e n t  i n  d i f f e r e n t  a i r p l a , n e s ,  T h i s  
same a r g u m e n t  a p p l i e s  t o  t h e  r e l a t i o n  b e t w e e n  a . c c e l e r a t i o n  
a n d  s t r e s s  a t  a n y  l o c a t i o n  i n  a n  a i r p l a n e ,  I n  t h i s  r e n o r t  i t  
h a s  b e e n  a s sumed  t h a t  b o t h  Y e l a t i o n s   re l i n e a r ;  h o w e v e r ,  a s  
more a c c u r a t e  i n f o r m a t i o n  becomes a . v a i l a . b l e  t h e  methods  de- 
v e l o p e d  i n  t h i s  r e o o r t  c ~ n  b e  a .mol ied  t o  a n y  t y p e  of  f u n c t i o n r  
r e l a t i o n s h i p  b.y mer . e ly  s u b s t i t u t i n e  t h e '  t r u e  v a l u e  of  s t r e s s  
a s s o c i a t e d  w i t h  e a c h  Rust , v e l o c i t y  i n s t e a d  o f  t h e  v a . 1 ~ ~ ~  Dre-  
d i c t e d  o n  t h e  b a s i s  o f  d i r e c t  o r o o o r t i o n a . l i t y .  

C O F C L V D  I N G  REMARKS 

S i n c e  th i :  e s x . p l c s  i n  t h i s  r e p o r t  w e r e  c o n f i n e d  t o  e f f e c -  
r e s u l t i n g  f r o m  gust l o n d i n g ,  t h e y  a p p l y  o n l y  t o  t h e  w i n g  s t r u c  

' t u r e  o f  a n  a i r p l a n e ,  ~ a . i l  s t r u c t u r e s ,  l a n d i n g  g e a r ,  a n d  s o  
' f o r t h ,  a r e  a l s o  s u b j e c t e d  t o  r e p e n . t e d  l o a d s ;  however ,  t h e s e  
u s u a l l y  r e s u l t  f r o m  o t h e r  s o u r c e s  t h m  gus t s .  N e v e r t h e l e s s ,  
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whenever  t h e  r e p e a t e d  l o a d  h i s t o r y  o f  a n y  D a r t  i s  known, it; 
s h o u l d  b e  p o s s i b l e  t o  h p p l y  t h e  s ~ m e  method o f  r t n a l y s i s  u s e d  
h e r e .  

' in p r o v i d i n p  t h e  l i n k  b e t w e p n  l o a d  h i s t o r y  and  f a t i e u e  
d a t a t ,  t h e  m o s t  i m p o r t a n t  f q c t o ?  f s  t h e  3 n s u m a t i o n  u s e d  f o r  
e s t i m a t i n g  damape f r o m  r e D e a t e h  l o a d s ,  The o n e  u s e d  i n  t h i s  
r e p o r t  was p r o p n s p d  t v  M i n e r ,  Il'his s s s u a p t l i o n  is  pen t o  
c r i t i c i s m ,  end i t  i s  p o s s i b i e  t o  de rnons t rKte  t h a t ,  u n d e r  
c e r t a i n  s ~ e c i f i c  l o a d i n g  cyc1ps ; .  i t  is n o t  c o r r e c t ,  ( S e e  
r e f e r e n c e  7 ; )  The s e q u e n c e  of  l o a d i n g  c y c l e s ,  u n d e r  w h i c h  
M i n e r ' s  p r c p o s a l  d o e s  n o t  h o l d  f o r  s t e e l s  a t  l e a s t ,  i s  o n e  
i n  w h i c h  all h i g h  l o s d s  a r e  s e p a r a t e d  f r o m  a l l  l o w  l o a d s .  
S i n c e  i n  s c r ' v i c e  l o ~ d i n g  t h e  l o a d s  a r e  mixod,  i t  s ? ~ m s  
p o s ( r 1 b l e  t h a t  h i s  p r o p c s a l  w i l l  h o l d  much more  c l o s e l y  f o r  
s e r v i c e  l o s d i n p  t h a n  f c r  i d e a l i z e d  load s e q u e n c e s , .  

As n o t e d  i n  t h e  r s p a r t u  M i n J r t s  D r o p o s a l  h a s  a l r e a d y  
r e c e i v e d  s o n e  e x p e r i r e n t a l  v e r i f i c a t i o n  f o r  mixed  l o a d i n g s ;  
however ,  i n  v i ew o f  t h e  i m p o r t a n c e  of t h i s  a s s u m p t i o n ,  i t  
s h o u l d  r a c s i v a  f u r t h e r  e x p e r i m e n t a l  s t u d y ,  

B a t t o l l e  Memor ia l  I n s t f t u t e ,  
C o l u z b u s ,  O h i o ,  Mag lfjs 1945. 
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TABU 1 

2 
I 
d Life Data on Lap Joint Using One Row of AN426Ap.5 Rivets in .040 - 24ST 

Alclad Sheet. 
See Figures 5, 7, and 14 for Data on Fatigue Strength. 
Class Interval of 4.5 ~t./~ec. 

Static Ultimate Strength as Measured = 693 Lbs./Rivet. \ 

Computed For Gust 

1 
Frequency 

of Occurrence 
n 1,000,000 Gusts 

54,000 

500 

50 

5 

1 

03  

01 

03 

4 I 
Max. 5 

Load i n  
p of u1 

24.6 

31.5 

3804 

45.2 

52.0 

58.8 

65. 5 

72.4 

79.5 

86.2 

. I cycles 
> 108 

2.0 x 106 

3.0 105 

1.0 105 

4.5 104 

2.0 x 104 

9.5 103 

4.2 103 

2.0 103 

8.5 x lo2 

Sum of Cole 6 = 5.467% life used in 10' gusts 

Life = 18.3 x lo6 gusts 

= 4.25 x lo6 miles (See equation 11) 

= 19300 hours at 220 miles/hr. 
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. 
TABLE 2 

Life  Data on Lap Joint Using One Row of AN426BD-6 Rivets in .040 24ST 

Computations Similar to Those in Table f Except That Lorper Limit of Gust= 
Frequency Data (See Fig. 1) Ha6 Been Used as a Basis For Computation 
Gust Class Interval 4.5 F%./Seo. 

k 
4 Alclad Sheet. 

1 
Frequency 
of Occurrenoe 

:n 1,000,000 Gust6 

488,000 

11,000 

8 50 

48 

6 

1 

06 

. 02 

.Ol 

2 
Mean 
% 

R ./s ec . 
2.25 

6.75 

11.25 

15.75 

20.25 

24.75 

29.25 

33 . 76 
38.25 

42.75 

3 
Lo ad 
Factor, 
n 

1,161 

1.484 

1.805 

2,125 

2.45 

2.77 

3.09 

3.41 

3*74 

4.06 

4 
Max. 

Load In p of Ult. 
24.6 

3i.6 

38.4 

45.2 

52.0 

58.8 

65a5 

72.4 

79.E 

86.2 

5 

N 0  
Cyoles 

4 108 

2.0 x 106 

3.0 x 10' 

1.0 105 

4.5 104 

2.0 104 

9.5 103 

4,2 103 

2.0 108 

8,s x 1 s  

6 

P of 
Lip e 

0488 

a650 

0280 

e048 

0013 

0005 

0002 

0014 

0001 

.001 

Sum of Col. 6 = 1.39% of life in lo6 gusto 

L i f e  - '0° x lo6 72 x lo6 g u s t s  

= 16.5 x IO6 miles (See equetion 11) 

75000 hours at 220 mapoh. 
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L i f e  Data on Lap Jo in t  Using One Row of lLN426AD-5 Rivets Spaced 3/4" In 
0040-24ST Alclad Sheet. Sta t i c  Ultimate Strength a8 Measured = 693 LbSa 
Rivet. See Figures 5, 7, and 14 For Fatigue Strength Data. Computation 
For Gust Class Interval o f  2 Ft. Sec. 
Gust Class Interval  of 4.5 Ft./Sec, 

1 
Yequency of 
mxrrence In 
,000,000 Gusts 

295,000 
125,000 
50,000 

5,820 

690 
270 

32 

21,000 

2,100 

88 

11.7 
4.3 
2.1 

a 9  
a 30 . 24 
17 
.09 
.05 
03 . 01 

0009 
003 

2 
Mean 
% 

F t  ./S 8 0. 

1 
3 
5 
7 
9 

11 
13 
15 
17  
19 
21 
23 
25 
27 
29 
31 
33 
35 
37 
39 
41 
43 
45 

3 
Load 

Factor, 
n 

1.071 
1 214 
1.358 
1.500 

1 . 785 
1.930 
2.07 
2.21 
2.36 
2.50 
2.64 
2.79 
2.93 
3.07 
3.20 
3.36 
3.50 
3.64 
3.79 
3.93 
4.08 
4.22 

1 642 

See Table 1 for Computation on 

4 
Max. 

Load In 
% of mt. 

22.8 
25.8 
28.8 
3108 
34.8 

40.9 
44.0 
46.8 
50.0 
53.0 

37.8 

56.0 
59.2 
62.2 
65.0 
67.9 
71.2 
74.2 
77.2 
80.4 
03.4 
86.7 
89.5 

5 

N 
Cycles 

109 
7 107 
6 x lo6 
1.5 x lo6 
6 x lo5 
3.4 x 105 

1.03 X 10 
2.0 x 105 

9 104 
5.6 x 104 
3.8 x 104 
2.8 x 104 
1.8 x 104 

7.0 x 103 
5.0 x 103 

2.5 x 103 
1.7 x 103 

8 x 102 

1.03 x 10 
1.0 x 104 

3.5 x 103 

1.03 X 1c 
6 x 102 

6 

of 
Life 

% 

.029 
178 

a832 
1.400 
e970 
.6188 
346 

e262 
,098 
,057 

.0153 
,0117 
,009 
.0038 
0034 

.0034 

.0026 

.0020 

.0017 

.0009 

.0010 
0005 

a 042 

Sum of Cola 6 = 4.88 % l i f e  used i n  lo6 gust8 

L i f e  = 20.6 x 106 gusts 

= 4.72 x 106 miles (see equation 11) 

E. 21400 hours a t  220 mapahe 
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TABU 4 
\ 
0. 

Life  h % e .  02 Lap CTolnt Using One Raw of 5/8" - 17ST Hot Driven Rivets 
Spaoed 1-7/8" i n  1/4* - 17ST Sheet. See Figures 6, 8, and 14 for  Data 
on Fatigue Strength. Computed for Gust Class Interval of 4.5 Ft./Seo. 

. 

1 
i'requency of 
Iccurrence In 
., 000,000 Gusts 

435,000 

54, OOO 

6,000 

500 

50 

5 

1 

*3 

.1 

e03 

2 
Mean 
% 

Et ./Se 0 

2.25 

6.75 

11.25 

15.75 

20.26 

24.75 

29.25 

33.75 

38.25 

42 75 

3 
Load 
Factor, 
n 

1.161 

1 e484 

1.805 

2,125 

2.45 

2.77 

3.09 

3.41 

3.74 

4.06 

4 
-0 

Load in 
% of U l t .  

24.6 

31.5 

30.4 

45.2 

52.0 

58.8 

65.5 

72.4 

79.5 

86.2 

5 

I? 
Cy& 

2 x 107 

1 x 106 

4 105 

1.5 I. 105 

6 x lo4 
3 x 104 

1.5 x 103 

3 x 103 

1.4 x 103 

6 x lo3 

6 

of 
L i f  8 

2.19 

5.40 

% 

1.25 

e332 

e083 

6 016 

0 0066 

0050 

00033 

.0020 

Sum of Cole 6 = 9.29% l i f e  used i n  I O 6  gusts 

Life 100 x lo6 10.8 x 106 gusts 
9.29 

= 2.47 x 106 miles (See equation 11) 

= 11250 hours at 220 m.p.h. 
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- 6  

The Effect of =nor Gusts on the Life of a Lap Joint Using One Row of 
AN426AD-5 Rivets in .WOW - 24ST Blclad Sheet. 
tion on Major Gusts. 

See Table 1 For Computa- 
See Text for Method of Computation, 

1- 
'requency of 
[inor Gusts In 
lach 1,000,000 
[ajor Gust 

1,740,000 

216,000 

20,000 

2,000 

200 

20 

4 

1.2 

.4 

.12 

2 
Ue S U ~  
of Major 
+ Minor 
Gust 

3.26 

7.75 

12 . 25 
16.75 

21.25 

25.75 

30.25 

34.75 

39.25 

43.75 

3 

Load 
Factor, 
n 

1.232 

1.555 

1.875 

2.200 

2.520 

2,830 

3.16 

3.48 

3.81 

4.13 

4 
Max. 
Load 

Ult. 

26.2 

% of 

33.0 

39.8 

46.7 

53.5 

60.0 

67.0 

73.8 

80.6 

87.2 

5 
Mean 
of Minor 
Gusts in $ 
of Ult. 

24.6 

31.5 

38.4 

45.2 

52.0 

58.8 

66.5 

72.4 

79.5 

86.2 

6 

N 
Cycles 

109 

109 

109 

109 

109 

109 

109 

109 

109 

109 

sum of Cole 7 = .198% 

Contribution of minor gusts to lifetime 

u s i n g  figure of 18.3 x lo6 gusts as total 

lifetime (Table 2) contribution of minor 

gusts in 3.6% of total life. 

7 

% 
of 
Life 

a174 

a021 

a 0 0 2  

a0002 

iegligiblc 

a 

a 

0 

0 

0 
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Life Data on Lap Joint Using Two Rows of  1LN4268p.5 Rivets i n  a040 - 24ST 
Alclad Sheet. 
See Figures 9 and 14 For Data on Faitgue Strength. 
Interval of 4.5 J?t./Sec. 

S t a t i c  Ultimate Strength as Measured = 725 Lbs./Riveto 
Computed for  Class 

See Text for Method of Computation. 

1 
'requency of 
)ccurrence In 
. ,000,000 Gus ts 

435,000 

54, OOO 

5,000 

500 

50 

5 

1 

,3 

0 1  

03 

2 
lde an 
ue, 

Ft ./s ea . 
2.25 

6.75 

11.25 

15.75 

20.25 

24.75 

29.25 

33.75 

38.25 

42.75 

3 
Load 

Factor, 
R 

1.161 

1 a484 

1 . 805 

2.125 

2.45 

2.77 

3.09 

3.41 

3.74 

4.06 

4 
Max. 

Load 
% of Ult. 

24.6 

31.5 

38.4 

4502 

52.0 

58.8 

65.5 

72.4 

79.5 

86.2 

5 

N >  
Cycles 

108 

2.3 x lo5 
9.5 x 104 

2.3 104 

1 .3  x 104 

8 103 

4.8 x 103 

1.7 103 

3.8 x lo4 

2.9 x lo3 

6 

of 
Life 

P 

8435 

23.40 

6.67 

lo32 

e22 

a 038 

e0125 

006 

e 003 

e 0017 

SUIU of Cole 6 32m1.$ life used in lo6 gusts 

100 Life  mm X lo6  3.11 x 106 gusts 

0 a 7 1  x lo6 miles (See equation 11) 

3240 how8 a t  220 mopah, 
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TABU 7 

NACA ARR No. SI27 

Life Data on Lap Joint Using One Row of Spot melds Spaced 3/4" in .04& 
24ST U c l a d  Sheet. Static Ulkimate Strength = 595 Lbs./Spot. See 
Figures 10 and 14 for Fatigue Strength, 
of 4,5 Ft./Seo. 

Computed f o r  Guet Class Interval 
See Text for Method of Computation, 

1 
kequency of 
iccurrence In 
,000,000 Gusts 

435, OOO 

64,000 

5, OOo 

600 

50 

6 

1 

03 

2 
Mean 
b, 

Ft,/seo. 

2.26 

6.75 

11.25 

15e76 

20.26 

24.75 

29.26 

33.75 

38.25 

42 75 

3 
Load 
Factor, 
n 

1.161 

1,484 

1,806 

2.126 

2e45 

2.77 

3.09 

3.41 

3.74 

4.06 

4 
Max, 
Load e 

p of Ult. 

24.6 

31,s 

38,4 

46.2 

52,O 

58.8 

65.6 

72 e 4  

79,6 

86.2 

5 

N0 
Cycles 

108 

4.5 105 

5 io4 

1 103 

6 x lo3 

2,7 x lo2 

l e 0  x 102 

2.1 x 101 

6.8 x lo1 

6.0 

6 

of 
Life 

% 

.435 

12.00 

10,oo 

8.35 

5"oo 

1-85 

1.00 

. 52 

.48 

50 

Sum of Col. 6 f 40.13% life used in lo6 gusts 

Life loo x lo6 3 2.49 x 1Q6 gusts 
4 n 3  

= e57 x lo6 miles (see equation 11) 

= 2590 houre at 220 m.p.hr 
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3 
Load 
Faotor, 
n 

1 . 071 
1.214 
1.358 
1 500 
1.642 
1.786 
1 930 

2.21 
2.36 

2.07 

2.50 
2.64 
2.79 
2.93 
3.07 
3.20 
3.36 

29 

4 
M a e  
Load in 
% of U l t .  

22.8 
26.8 
28.8 
31.8 
34.8 
37.8 
40.9 

46.8 
50.0 

44.0 

53.0 
56.0 
59.2 
62.2 
65.0 
67.9 
71.2 

.I 
TABLE 8 

& 
-3 

Life Data on Lap Joint Using One Row of Spot Welds Spaced 3/4" in .040 - 
24ST Alc1e.d Sheet 
Computed for Gust ClaS6 Interval of 2 Ft./Seo. See Table 7 f o r  Computs- 
tion on Basis af 4.5 ~ . / S Q G .  

See Figures 10 and 14 for Fatigue Strength Data. I 

See Text for Methods of Coqutation. 

1 
requency of 
ccurrence In 
,000,000 Gusts 

295,000 
125,000 
50,000 
21,000 
5,E20 
2,100 
690 
270 
08 
32 
11+7 
4.3 
2 01 
.9 
38 
24  

. 09 
05 . 03 

0 01 . 009 
003 

417 

2 
Mean 

Ft ./Sea 
ue9 

1 
3 
5 
7 
9 
11 
13 
15 
17 
19 
21 
25 
25 
27 
29 
31 
33 
36 
37 
39 
41 
43 
45 

5 

N 
Cycles 

108 
1 107 

4 x 106 

2.6 x 104 
1.0 104 
4.5 x 103 

4.5 x 102 

1.0 x 102 
5 x 101 

1.6 x lo6 

1.6 x 106 
6 x lo4 

1.7 x 103 
8 x 102 

2.5 x lo2 
1.03 x 102 

2.5 X lo1 
1.05 x lo1 

9 
6 
4 

2.5 
2.0 

6 

of 
Life 

sr 

a295 
1.25 
3.84 
6.25 
3.88 
S.50 
2.76 
2.70 
1.95 
1.89 
1.46 

.95 . 84 
38 
48 
68 
090 . 55 
50 
e25 
36 
015 

. a7 

Sum of Col. 6 = 35.09% life used in 106 gusts 

L i f e  loo x lo6 2.86 x l$ guaf8 
W 9  

- .66 x lo6 m i l 9 8  (See equation 11) 

= 2960 hours a t  220 m.p.h, 
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E 
l 

TABLE 9 

Life Data on Lap Joint Using Two Rows of Spot Welds in a040 - 24811 
Alclad Sheet. Spots Spaced 3/4* in ROW88 Rows Spaced l /ZN8 Spots Seaggered 
Static Ultimate Strength = 550 LbS./Spotm 
Fatigue Data. Computation for Gust Class Interval of 4.5 F't,/Sec. 
Text f o r  Method of Computation. 

See Figurea 11 and 14 for 
See 

1 
'requency of 
Iccurrence In 
., OOO,oOo G U 8 t 8  

2.25 

6.75 

11 25 

15.75 

20.25 

24.75 

29.25 

33.75 

38.25 

42.75 

3 
Load 
Factor , 
n 

1.161 

1.484 

1.805 

2.125 

2.45 

2.77 

3.09 

3.41 

3.74 

4.06 

24.6 

31,s 

38.4 

45.2 

52.0 

58.8 

65.5 

72.4 

19.5 

86.2 
--_-- 

lo8 
2.5 lo5 
2.7 x 104 

6.5 at 1s 

1.7 x ~ ~ 3  

5.2 103 

1.7 x lo2 

6 x lo1 
2 x 101 

6.5 

~~ 

6 

of 
Life 

% 

Sum of Col, 6 = 53,98% of life i n  lo6 gusts 

Life loo x lo6 - 1.85 x IO6 gust6 
5.338 

a423 x lo6 mile8 .(See equation 11) 

1920 hours at 220 IIP.P.h. . 
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TULE 10 

31 

. 

The Effect of Minor Gusts on the L i f e  o f  a Lap Joint Using TWO Iiows of 
Spot ffelds in .040 - 24ST Alclad Sheet. 
Major Gusts. 

See Table 9 fo r  Coaputation on 
See Text for Method of Computation, 

1 
Frequency of 
[inor Gusts in 
lach 1,000,000 
[ajor Gust 

1,740,000 

216,000 

20,000 

2,000 

200 

20 

4 

1.2 

.12 

2 

sum of 
Major and 
-Minor Gusts, 
Ft./Sec. 

% 

3.25 

7.75 

12.25 

16.75 

21.25 

25.75 

30.25 

34.75 

39.25 

43,75 

3 

Load 
Factor, 
n 

1 e 232 

1.555 

le875 

2.20 

2.52 

2.83 

3.16 

3e48 

8.81 

4.13 

- - 
4 

Ma. 
Load, 
p of 
Ulte 

26e2 

33.0 

39.8 

46.7 

53.5 

60.0 

67.0 

73.8 

80.6 

8702 

5 
Me an 

o f  Minor 
Gusts 
in $ 
of Ult. 

24.6 

31.5 

38.4 

45.2 

52.0 

58.8 

65.5 

72.4 

79.5 

86.2 

6 

N, 
Cycles 

3 105 

8 x lo8 

9 x 108 

108 

108 

108 

108 

108 

108 

108 

7 

P of 
L i f e  

6 58 

0028 

00022 

00020 

uegligiblc 

0 

l# 

18 

ir 

1) 

Contribution of minor gusts to lifetior 

using 1.86 x lo6 gusta Y total lifetime 

(See Table 9) eontribution of  minor gusts 

is 1.18% of t o t a l  life. 
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TABI;E 11 

. 

Life Data on Lap Joint  Using Three R m  of Spot Welds in .040 - 24ST 
dlclad Sheet. 
Staggered i n  Adjacent Bowe. 
See Figures 1 2  and 14 for Fatigue Strength Data, 

Spot8 Spaced 3/4" in R m ,  Rows Spaced 1/2", Spots 
Stat ic  Ultimate Strength = 493 Lbs./Spot. 

See Text for Method of 
computatio31. 

1 
'requency of 
lccurrence i n  
,000,000 Gust6 

~~ 

435,000 

54,000 

5,000 

500 

50 

5 

1 

03 

01 

03 

2 
Mea 
Ue I 

Ft ./Se S. 

2.25 

6.75 

11.25 

15.75 

20.25 

24.75 

29.25 

33.75 

38.25 

42 75 

3 
Load 
Fa0 tor, 
n 

1 . 161 

1.484 

1.805 

2.125 

2.45 

2.77 

3.09 

3.41 

3.74 

4.06 

4 -. 
Load 

% of mt, 
24.6 

51.5 

38.4 

45.2 

82.0 

58.8 

65.5 

72.4 

79.5 

86.2 

5 

N 7  

9 x 106 

3.5 x 105 

Cycles 

5.2 x 104 

1.4 104 

4.5 103 

1.6 103 

5.0 I 102 

1.5 It 102 

5.2 x lo1 
1.5 T. lo1 

6 

P 

4.82 

of L i f e  

15.40 

9.60 

3.58 

1.11 

.31 

020 

.20 

Ol9 

.20 

Sum of Col. 6 = 85.61% of l i f e  in lo6 gusts 

loo x lo6 = 2.8 x lo6 gusts L i f e  = 
3m 

= .64 x lo6 miles (See equation 11) - 2920 hours a t  220 m.p.h. 
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TABLE 12 

L i f e  Data 3s .040" - 24ST d ic lad  Sheet. 
67,000 p.8.i. 
putation for Gust Class Interval  of 4.5 Ft./Sec. 
of  Computation. 

Static Ultimate Strength = 
See Figures 13 and 14 for Data on Fatigue Strength C o w  

See Text for Methods 

L 
requency of 
ccurrence in 
,000,000 Gusts 

435,000 

54,000 

5,000 

500 

50 

5 

1 

.I 

03 

2 
Mean 

Ft:7i*c. 

-2.26 

6e75 

11.25 

15.75 

20.25 

24.75 

29.25 

33.7s 

38 25 

42 . 75 

3 
Load 
Factor, 
n 

1.161 

1.484 

1.805 

2.125 

2.45 

2.77 

3.09 

3.41 

3.74 

4.06 

4 -. 
Load 9 

% of Ult. 

24.6 

31.5 

38.4 

45.2 

62.0 

58.8 

65,5 

72 04 

79.5 

86.2 

5 

N ,  

7 x 1o1O 

3 x 108 

Cycles 

1.5 x lo6 

2.8 x 105 

1.1 105 

6.2 104 

4.0 I 104 

2.5 x 104 

1.6 x 104 

1.05 x 10' 

6 

% 
,f L i f e  

. 004-3 
018 

0332 

.I78 

m045 

e 008 

00025 

00012 

0006 

0002 8 

Sum of c;ol. 6 = .59% of life in lo6 gusts 
Life = x lo6 miles = 170 x lo6 gusts 

= 38.9 x lo6 miles (See equation 11) 

= 177,000 how6 at 220 m.p.h. 
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NACA ARR lo. 5127 

GUST 
VELOCITY 

FIGURE 30.- SCHEMATIC TYPE OF GUST VELOCITY - TIME RECORD 
WHERE "UP" GUSTS AND "DOWN" GUSTS ARE SEGGRE- 
GATED: 

FIGURE 3b-SCHEMATIC TYPE OF GUST VELOCITY - T I M E  RECORD 
WHERE "UP" AND "DOWN" GUSTS ARE GROUPED AROUND 
A MEAN LOAD OF l g  THIS TYPE OF RECORD IS USED FOR 
ILLUSTRATION IN THIS REPORT 

FIGURE 4.- SCHEMATIC ILLUSTRATION OF CASE WHERE MINOR GUSTS 
ALL  OCCUR AT MAXIMUM OF MAJOR GUSTS THIS TYPE OF 
RECORD IS USED FOR DISCUSSION OF THE EFFECT OF MINOR 
GUSTS 
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CYCLES TO FAILURE 

FIGURE 5.- S-N CURVES AT CONSTANT STRESS RATIO FOR RIVETED JOINTS IN  0.040 iNCH 2 4 s - T  
SHEET. ONE ROW OF AN426 AD-5.100' COUNTERSUNK $ DIAM. RIVETS SPACED $' APART. 
DAT4,fROM NACA ARR NO SFOl, p. 38. ULT STATIC STRENGTHr693 LBS/RIVET ( 6 R I V E f S  
IN 43 WIDTH) 

I00 

:eo 
cl z 
W 

I- 
v) 

a 

60 
I- 
VI 

5 
3 

40 

ac 
z 
n 
a 
-I eo 
0 

X 

I 

0 
.- 

CYCLES TO FAILURE 
FIGURE 6; S - N  CURVES AT CONSTANT STRESS RATIO FOR RIVETED JOINT IN $ 1 7 s - T  P L A T F  

ONE ROW (4 RIVETS) OF 
PUBLISHED RFPORT FROM LABORATORIES OF A L U M I N U M  GO OF AMERICA 

HOT DRIVEN 1 7 s - T  RIVETS.  SPACED 16. DATA FROM UN- 
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LL 
0 

60 I 

x 
.4 
I 

20 

c 

100 

80 

60 

40 

20 

0 
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I- 
J 
3 

Tige. 13.14 

MEAN LOAD IN X OF STATIC ULT. 

FIGURE 13.- CONSTANT LIFE CURVES FOR 2 4 s - T  ALCLAD 
SHEET 0.040" THICK. CATA FRCM NACA ARR 
4 E  30 p. 12 (DATA ON R=- .50  NOT PREVIOUSLY 
PUBLISHED) ULT STATIC STRENGTH =67,00Opsi 

00 17 S-T(FIG.8) 
2 4  S -T(FIG 9) 

4 - I ROW SPOT WELDS IN .040"24S-T(FIGIO) 
4) 00  (FIG.1 I) 

- - -_ .  

CYCLES 

FIGURE 14; S'N CURVES AT A CONSTANT MEAN LOAD OF 2K % OF THE ULTIMATE STATIC STRENGTH OF VAMOUS 
LAP JOINTS 


